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TIlANSLxYTOR’S  PREFACE 


TO  THE 

SECOND  EDITION. 


The  rapid  sale  of  the  First  Edition  of  this  Translation 
has  rendered  a Second  necessary;  and  I Avish  to  direct 
attention  very  briefly  to  the  points  in  which  the  pre- 
sent Edition  differs  from  the  preceding.  Four  chapters 
have  been  added  at  the  beginning  of  the  book ; the 
fii*st  of  which  relates  to  some  elementary  principles  of 
Optics  essential  to  a proper  comprehension  of  the  Micro- 
scope ; the  second  contains  a description  of  different 
kinds  of  English  Microscopes,  including,  as  far  as  is 
necessar}^,  the  details  of  their  different  parts ; the  third 
contains  an  account  of  the  accessory  apparatus  and 
chemiciil  reagents  necessary  for  microscopical  investiga- 
tions in  botany,  and  the  fourth  relates  to  the  preserva- 
tion of  specimens.  I have  myself  added  these  Chapters 
Avith  the  view  of  rendering  the  Avork  more  complete  as 
a Manual  for  English  Students,  and  am,  therefore,  re- 
sponsible for  the  contents  of  them,  with  the  exception 
of  the  list  of  chemical  reagents  in  Chapter  III.,  which 
is  to  be  found  in  the  original  Avork.  Besides  the  ad- 
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dition  of  tlie  above  four  Chapters,  I have  been  furnished 
by  Dr.  Schacht  witli  a quantity  of  new  matter  in  manu- 
script, being  the  result  of  his  investigations  since  1852, 
and  this  new  matter  has  been  incorporated  in  the  text; 
the  present  Edition  is,  therefore,  considerably  in  advance 
of  the  original  work.  At  the  suggestion  of  Dr.  Schacht, 
I have  added  the  Chapters  IX,  X,  and  XI,  whicli  con- 
tain an  interesting  account  of  the  embryogeny  of  the 
Coniferse,  and  are  a translation  of  a portion  of  a work 
published  by  him  in  the  course  of  last  summer,  en- 
titled ‘‘Beitrage  zur  Anatomie  und  Physiologie  der 
Gewachse.”  Chapters  VII  and  VIII  of  the  first  Edi- 
tion, which  related  to  drawing  and  to  the  preservation 
of  objects,  have  been  omitted;  but  the  student  will  find 
what  is  necessary  upon  these  points  under  the  head  of 
“Delineating  Apparatus,"’  in  Chapter  III,  and  in  Chap- 
ter IV,  which  treats  of  the  preservation  of  specimens. 


FREDERICK  CURREY. 


Blackheath, 

December  1854. 


TRANSLATOR’S  PREFACE 


TO  THE 

FIRST  EDITION. 


The  Work  of  Dr.  Scliaclit,  of  which  a Translation  is 
now  offered  to  the  public,  relates  to  a branch  of  Micro- 
scopical Science  which  has  not  hitherto  formed  the  sub- 
ject of  a separate  Treatise ; and  the  high  reputation  of 
the  Author,  and  the  interesting  nature  of  the  subject, 
have  induced  a behef  that  the  present  Version  is  likely 
to  meet  with  a favourable  reception. 

It  has  been  thought  advisable  to  omit  the  greater 
part  of  the  description  of  foreign  Microscopes  and  aux- 
iliary instruments  contained  in  the  Original  Work. 
These  details  would,  for  obvious  reasons,  be  uninterest- 
ing, if  not  useless,  to  the  English  reader.  There  is  no 
doubt  of  the  superiority  of  English  instruments  over 
those  described  by  Dr.  Schacht ; and  the  elaborate  and 
able  Treatise  of  Professor  Quekett  affords  all  the  neces- 
sary information  upon  the  subject  of  English  Micro- 
scopes, &c. 

The  high  price  of  good  English  Microscopes  has  hither- 
to been  an  impediment  to  the  progress  of  Microscopy, 
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and  mucli  attention  has  lately  been  directed  to  the 
production  of  cheaper  instruments.  A very  useful  and 
convenient  form  of  Student's  Microscope  is  represented 
in  the  Frontispiece,  which  has  been  designed  by 
Mr.  Samuel  Highle}^,  Jun,,  of  Fleet  Street,  and  may 
be  had  at  a very  moderate  price. 

The  figures  of  the  Original  Work,  and  their  descrip- 
tions, have  been  incorporated  into  the  text  of  the 
Translation,  by  which  means  the  inconvenience  of  con- 
stant reference  to  the  plates  and  their  explanation  is 
avoided.  The  figures  of  the  foreign  iirstruments,  and 
a few  other  figures,  which  were  not  essential  for  the 
elucidation  of  the  subject,  and  which  would  have  in- 
creased the  expense  of  the  Translation,  have  been 
omitted. 
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THE  MICROSCOPE, 

AND  ITS  APPLICATION  TO 

VEGETABLE  ANATOMY  AND  PHYSIOLOGY. 

CHAPTER  I. 

PRELIMINARY  IDEAS  UPON  OPTICS. 

Before  entering  upon  the  description  of  the  instruments  and 
apparatus  necessaxy  for  the  conduct  of  microscopical  investiga- 
tions, it  may  be  interesting  and  useful  to  bxing  to  the  student’s 
notice  a few  of  the  leading  preliminaiy  facts  connected  with  opti- 
cal science,  in  order  that  when  he  enters  upon  the  use  of  the  mi- 
croscope he  may  have  some  idea  of  the  causes  of  the  effects 
produced,  and  may  not  be  in  the  position  of  merely  seeing  and 
admiring  them. 

Lvjlit  is  the  agent  by  which  the  objects  of  the  material  world 
become  visible  to  our  senses.  Upon  the  nature  of  the  constitu- 
tion of  light,  different  opinions  have  been  entertained.  Sir  Isaac 
Newton  and  his  followers  supposed  that  light  consisted  of  mi- 
nute, mateilal  particles,  darted  out  in  straight  lines  or  I'ays 
from  luminous  bodies,  and  that  these  pai’ticles,  by  imjiinging 
ujion  the  eye,  j)roduced  the  sensation  of  vision.  Accoi-ding  to 
the  theory  of  modern  philosophy,  the  sensation  of  light  is  pro- 
duced by  the  vibrations  of  the  particles  of  a subtle  elastic 
medium  suj)posed  to  pervade  all  space,  and  to  which  the  name 
Ether  h:is  lieen  applied. 

It  will  not  be  necessary  for  our  purposes  to  go  into  the  ques- 
tion of  these  two  theoiies,  beyond  remarking  that  the  latter  is 
the  one  which  is  generally  admitted  at  the  present  day,  although 
many  optical  jihenomena  are  capable  of  explanation  according  to 
either  the  one  or  the  other. 
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i.awii  of  — The  three  princij)al  law.s  of  light  are  those 

of  reflexion,  refraction,  and  the  chiornatic  dispersion  of  liglit. 
Upon  each  of  these  we  shall  have  to  say  a few  words,  hut  will 
firat  explain  some  terms  of  constant  occurrence,  and  which  it  is 
necessaiy  slioukl  be  understood. 

A ray  is  the  smallest  portion  of  light  which  we  are  caj)able  of 
conceiving,  and  is  represented  by  a line  drawn  in  the  direction  in 
which  the  light  is  supposed  to  proceed.  A small  assemblage  of  rays 
con.stitutes  a 'pencil  of  light,  which  may  be  either  conical,  as  when 

the  rays  diverge  from  a point 
(fig.  1),  or  cylindrical,  when 
consisting  of  j)arallel  rays 
(%.  ^). 

An  assemblage  of  rays,  if 
too  large  to  come  under  the 
denomination  of  a pencil,  is 
called  a beam.  When  rays 
diverge  from  a point  or  con- 
verge to  a point,  the  jX)int 
from  which  they  diverge  or 
converge  is  called  the focus. 
The  ]rrincip(d  focus  is  the 
point  to  which  parallel  rays  converge  after  reflection  or  refi-action. 

The  normal  to  a surface  at  any  point  is  a straight  line  per- 
pendicular to  the  siu'face  at  that  ]X)int. 

When  a ray  of  light  is  incident  upon  a plane  surface,  the 
angle  which  the  direction  of  the  ray  makes  with  the  normal 
to  the  siirface  at  the  point  of  incidence,  is  called  the  angle  of 
incidence ; and  when  the  incident  ray  is  reflected  or  refracted 
by  the  surface,  the  angles  which  the  i-eflected  and  rafracted  rays 
respectively  make  with  the  normal,  are  eddied  the  angles  of 
reflexion  and  refraction. 

Bodies  which  do  not  admit  of  the  jiassage  of  light  through 
them  are  called  opaque,  whilst  those  tlirough  which  light  passes 
are  called  transpa.reiit. 

There  are  no  bodies  in  Nature  wliich  are  either  ]>erfectly 
opacpie,  or  perfectly  ti*ansparent.  Bodies  composed  of  the 
densest  material,  such  as  gold,  when  sufficiently  reduced  in 
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tliickness,  admit  of  tlie  passage  of  a small  portion  of  light, 
and  bodies  apparently  of  the  greatest  transparency  always  in- 
tercept some  portion  of  light,  however  small. 

iKoHexion. — When  light  is  incident  upon  an  opaque  body,  it 
is  reflected,  or  thrown  back,  into  the  medium  in  which  it  is 
propagated,  and  this  reflexion  takes  place  in  difterent  ways,  ac- 
cording to  the  natiu*e  of  the  surface  upon  which  the  light  is 
incident.  When  the  surface  is  rough  and  unpolished,  the  light 
is  reflected  in  all  directions  from  every  point  of  the  surtace, 
each  point  becoming,  as  it  were,  the  origin  of  a pencil  of  rays, 
which  diverge  in  all  directions.  ThLs  m(^de  of  I’eflexion  is  called 
irregular  reflexion,  and  by  means  of  it  the  outlines  and  forms 
of  bodies  in  general  are  rendered  visible. 

When  light  is  reflected  fi’om  a polished  siuface,  the  reflexion 
takes  place  according  to  a 

certain  law,  which,  may  be  3. 

thus  expressed,  viz.  : — 

The  incident  and  reflected 
rays  lie  on  opjiosite  sides  of 
the  normal  to  the  surface  at 
the  point  of  incidence,  and 
the  angleof  incidenceis  equal 
to  the  angle  of  reflexion. 

Suppose  E B F in  fig.  3 
to  be  the  reflecting  surface, 

A B a ray  of  light  incident  upon  it  at  B,  and  let  B D be  per- 
pendicidar  to  E B F ; then  if  the  angle  D B C be  taken  equal 
to  the  angle  A B D,  B C will 
be  the  coimse  of  the  ray  A B 
after  reflexion. 

n«>fractioii.  — W^hen  a 
ray  of  light  passes  obliquely 
from  one  transparent  me- 
dium into  another  of  diffe- 
rent density,  it  is  bent  oui 
of  its  course,  or,  as  it  is  call 
ed,  refracted. 

Thus,  let  E D (fig.  4)  be  a ray  of  light  incident  iqion  A B, 
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wliicli  we  may  sixpj^ose  to  be  the  surface  of  water,  tlien  the  ray 
E D will  b(i  turned  out  of  its  coui’se,  and  wall  proceed  in  the 
direction  D F.  In  this  Cixse,  the  density  of  w^ater  being  gi’eater 
than  that  of  air,  the  reflection  takes  place  towards  the  perpen- 
dicidar  (D  L)  to  the  surface.  When  the  density  of  the  medium 
into  which  the  refi-acted  ray  passes  is  less  than  that  out  of  which 
it  passes,  the  reflection  is  from  the  perpendicular. 

Refraction  takes  place  according  to  a ceilaiii  law,  and  in 
01‘der  to  render  that  law  intelligible,  it  is  necessary  in  the  first 
place  to  explain  what  is  meant  by  the  .sine  of  an  angle. 

If  A B C (fig.  5)  be  any 
angle,  and  if  from  any  jxiint 
P in  B A,  a line  P N be 
drawn  perpendicular  to  B C, 
then  the  ratio  of  the  line 

P N to  the  line  P B,  or  ^ 

’ P B 

is  called  the  sine  of  the  angle  ABC,  or  as  it  is  expressed  mathe- 
P N 

inatically,  = sin.  B. 

The  law  of  refraction  is  as  follows  : — 

The  incident  and  refracted  rays  lie  in  the  same  iTilaiw  with, 
but  on  opposite  sides  of,  the  nornud  to  the  stirface  at  the  point  of 
incidence,  and  the  si,ne  of  the  angle  of  incidence  hears  a certain 
ratio  to  the  sine  of  the  angle  of  refraction,  which  ratio  depemls 
upon  the  nature  of  the  media  between  lohich  the  refraction  takes 
place. 

If  the  angle  of  incidence  be  represented  by  </>,  and  the  angle 
of  refraction  by  </>',  this  law  may  be  shortly  expressed  thus 

sin.  ^ — p sin.  c/)' 

Avhere  p is  constant. 

CUroinatic  of  — If  a beam  of  solar  light 

abc  (fig.  6),  be  admitted  through  a round  hole  in  the  window- 
shutter  of  a darkened  room,  and  received  upon  a screen,  a 
circular  spot  of  white  light  will  be  visible  upon  the  screen  at 
the  point  where  the  beam  of  light  impinges  upon  it.  If,  now, 
a ghuss  prism,  A 0 B,  be  ])laced  so  as  to  intercept  the  course  of 
the  light,  in  the  manner  represented  in  the  figime,  the  beam  wall 
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be  decomposed  ; tlie  light  will  be  refracted  upwards,  and  an 
oblong  image  containing  the  coloiu’s,  pcjpularly  known  as  the 
prismatic  colours,  will  be  visible  upon  the  screen,  instead  of  the 
spot  of  white  light.  These  prismatic  colours  are  seven  in  nuin- 


Fig.  6. 


ber,  and  succeed  one  another  in  the  following  order;  viz.,  violet, 
indigo,  blue,  gi'een,  yellow,  orange  and  red.  The  assemblage 
of  them  is  called  the  solar  spectrum,  and  the  cause  of  the  ap- 
pearance has  been  ascertained  to  be  the  different  refrangibility 
of  the  different  rays  of  light  which  enter  into  the  composition 
of  a beam  of  ordinary  sunlight.  The  violet  rays  being  more 
easily  refracted  than  any  others,  are  diverted  from  their  coiu-se 
to  a greater  extent  than  the  indigo,  the  indigo  to  a greater  ex- 
tent than  the  blue,  and  so  on,  until  we  arrive  at  the  red  rays 
which  undergo  the  least  refraction  of  all. 

iienneH. — A lens  is  a portion  of  a transpai'ent  medium  bounded 
by  spherical  surfaces.  This  definition  would  include  a lens  with 
one-side  plane,  such  as  a plano-convex  lens,  inasmuch  as  the 
plane  side  may  be  considered  to  be  a spherical  surface  with  an 
infinite  radius. 

For  optical  purposes  glass  is  the  material  always  employed  in 
the  manufacture  of  lenses.  Altho\igh  lenses  might  be  made  of 
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any  transparent  material,  and  Avitli  siu'faces  other  than  spherical, 
no  material  ha.s  yet  been  met  with  wliich  combines  so  many  ad- 
vantages as  glass ; and  this  fact,  together  with  the  difficulty  of 
grinding  accuiutely  any  other  than  a spherical  smffixce,  has  led 
to  the  miiversid  taloption  for  microscopical  purposes  of  glass 
lenses  with  spherical  surfaces. 

In  fig.  7 are  rejjresented  the  principal  forms  of  lenses,  and 
the  names  attached  to  these  dilferent  forms  are  as  follows  : — 


Fig.  7. 


1.  Double  convex ; 2.  Plano-convex;  3.  Meniscus;  4.  Con- 
cavo-convex ; 5.  Double  concave ; 6.  Plano-concave. 

It  will  be  observed,  that  in  the  meniscus,  the  radius  of  the 
convex  surface  is  less  than  that  of  the  concave  suidace ; whilst  in 
the  concavo-convex  the  contraiy  is  the  case,  that  is,  the  radius 
of  the  concave  surface  is  less  than  that  of  the  convex. 

Nos.  1,  2,  and  3 are  called  convergent  lenses,  because  a pencil 
of  parallel  rays  incident  upon  them  is  rendered  convergent. 

Nos.  4,  5,  and  G render  a pencil  of  jjarallel  rays  incident  upon 
them  divergent,  and  are  therefore  called  divergent  lenses. 

Whatever  be  the  form  of  a convergent  lens,  a double  convex 
lens  with  equal  radii  can  always  be  found,  which  will  produce 
the  same  optical  effect;  and,  on  the  other  hand,  a double  con- 
cave lens,  with  equ:d  radii  can  always  be  found,  which  shall  be 
optically  equivalent  to  any  form  of  divergent  lens. 

formation  of  liuag-rH  fonneH. A full  investigation  of 

the  manner  in  which  images  are  formed  by  lenses  woidd  occupy 
more  space  than  can  be  afforded  in  a work  like  the  present,  and 
would,  moreover,  involve  a discussion  of  mathematical  formula?, 
which  would  be  out  of  place.  The  following  rules,  however, 
api)licable  to  two  particular  cases  of  the  formation  of  images,  and 
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which  will  occTU'  in  the  discussion  of  the  construction  of  micro- 
scopes, may  here  be  stated. 

1.  When  ail  object  is  placed  before  a double  convex  lens,  at  a 
distance  from  the  lens  less  than  that  of  its  principal  focus,  a vir- 
tual erect  and  magnitied  image  of  the  object  is  formed  on  the 
same  side  of  the  lens  as  the  object,  and  at  a distance  from  the 
lens  greater  than  that  of  the  object.*’ 

2.  When  an  object  is  placed  before  a double  convex  lens,  at  a 
distance  from  the  lens  greater  than  that  of  the  principal  focus, 
but  less  than  twice  the  focal  length  of  the  lens,  a real,  inverted, 
magnified  image  of  the  object  is  formed  on  the  opposite  side  of 
the  lens. 


Fig.  8. 


Fig.  8 will  illustrate  rule  1.  Let  a b be  an  object  jilaced 
within  the  principal  focus  of  the  double  convex  lens  ef.,  and  let 
eaf,  ehfhQ  the  pencils  of  light  from  the  extreme  points  of  the 
object ; the  rays  a e,  af,  (which  are  the  extreme  rays  of  the 
pencil  eaf)  will  be  refracted  by  the  lens  into  the  directions  e m, 
f n,  and  after  refraction  will  apparently  diverge  from  the  point  c. 
In  like  manner  the  rays  he,hf  will  be  refracted  so  as  to  diverge 
apparently  from  the  point  cl,  and  thus  a virtual,  erect,  and  mag- 
nified image  of  the  object  a h is  formed  at  c cl. 

* A virtual  image,  is  one  in  which  the  rays  of  light  do  not  actually  pass 
through  the  points  of  the  image,  as  is  the  case  when  the  image  is  real. 
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Fig.  9 will  illustrate  rule  2.  If  a h be  an  object  placed  a 
little  beyond  tlie  principal  focus  of  the  lens  ef,  the  pencil  e af, 
diverging  from  the  extremity  a of  the  object,  will,  after  refrac- 


Fis.  9. 


tion,  be  brought  to  a focus  at  a point  d on  the  other  side  of  the 
lens,  and  in  like  manner  the  pencil  e h f will  be  refracted  to  a 
focus  at  c,  and  thus  a real  inverted  magnified  image  of  the  ob- 
ject will  be  formed  at  c d. 

In  the  formation  of  these  images  we  have  sujiposed  all  the 
rays  of  each  pencil  to  be  brought  to  an  exact  focvts  by  the  lens. 
This,  however,  is  never  the  case  with  an  ordinary  lens,  on  ac- 
count of  the  fact,  that  the  Fig.  10. 

rays  which  fall  upon  a lens 
near  the  margin  are  more 
strongly  refracted  than  those 
which  pass  through  nearer  to 
the  centre;  hence  arises  an 
abeiTation  known  by  the 
name  of  spherical  aberration, 
which  fig.  10  will  serve  to  ex- 
plain. A pencil  of  light  (here 
supposed  to  consist  of  parallel  rays)  falls  upon  the  lens ; the  rays 
A near  the  mcargin  are  ri'.fractcd  to  the  focus  A,  whilst  the  rays 
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B near  tlie  centre  are  refracted  to  B.  It  will  at  once  be  seen 
that  the  eftect  of  this  aberration  will  be  to  cause  an  indistinct- 
ness in  the  image.  This  indistinctness  may  be  remeilied  by 
limiting  the  aperture  of  the  lens,  which  may  be  done  by  cover- 
ing np  either  the  margin  or  the  centre  of  the  lens ; in  the 
former  case,  the  image  is  formed  by  the  central  rays  alone ; in 
the  lattei’,  by  the  peripheral  rays  alone.  The  distance,  A B, 
is  called  the  longitudinal  S})herical  aberration ; and  the  line 
through  B at  right  angles  to  B B,  and  wliich  is  the  diameter  of 
the  circle  of  aberration  over  which  the  rays  ai’e  spread,  is  called 
the  lateral  abeiTation. 

The  amount  of  spherical  aberration  varies  according  to  the 
shape  of  the  lens,  and  the  manner  in  which  it  is  presented  to 
the  light.  In  a plano-convex  lens  with  its  plane  side  turned  to 
parallel  rays,  the  spherical  abexTation  is  4^  times  the  thickness 
of  the  lens ; whilst,  if  its  convex  side  be  timied  to  parallel  I’ays, 
the  abeiTatioix  is  only  1— ,Joth. 

It  has  been  asceidained  that  the  lens  which  has  the  least  spheii- 
cal  abeiTation  is  a double  convex,  whose  i-aclii  are  in  the  propor- 
tion of  1 to  6. 

Sphei’ical  aberi’ation  might  be  entirely  got  I’id  of  if  it  were 
possible  to  construct  a lens  the  section  of  which  should  be  an 
ellipse  or  hypei'bola,  but  practical  difficulties  have  pi’evented 
the  maniifactui’e  of  such  lenses,  so  that  in  oi'der  to  get  rid  of 
spheilcal  aberration,  it  is  necessaiy  that  two  or  more  lenses 
shoidd  be  combined  in  such  a manner  as  to  make  opposite  abei- 
i-ations  coiTect  each  othei*.  We  shall  have  to  refer  again  to  this 
sidxject  in  speaking  of  Di’.  Wollaston’s  doublet. 

Ciiromatic  Aberration. — Another  cause  of  confusion  in  the 
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formation  of  images  aiises  fx’om  what  is  called  clu’omatic  aber- 
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ration.  Tliis  aberration  is  pi-oducetl  Ijy  tlie  \nieqnal  refrangibility 
of  the  differently-coloured  rays,  which  together  constit\ite  white 
light.  In  fig.  11  the  two  rays  of  wliite  light  which  fall  upon 
the  margin  of  the  lens  are  decomposed  and  refracted,  the  violet 
portions  of  the  ray  being  refi'acted  to  A,  and  the  red  j)ortions 
to  T ; the  other  coloured  portions  being  refracted  to  jx)ints  in- 
termediate between  A and  T. 

The  effect  of  this  aberration  is  to  cause  the  images  of  objects 
to  be  fringed  with  colour  at  the  margin,  the  cause  of  wliich  is 
thus  explained.  If  (a)  fig.  1 2,  be  an  object  placed  before  a 

double  convex  lens 
(1),  at  a dLstance  a 
little  beyond  the 
principal  focus,  an 
inverted  magnified 
image  will  lie  form- 
ed on  the  other  side; 
but  owing  to  the 
ilifferent  refrangibi- 
lity of  the  different 
I’ays  of  light,  the  red 
image  (r)  will  be 
formed  at  a distance  from  the  lens  gi’eater  than  that  of  the 
yellow  image  y,  and  the  yellow  image  (y)  at  a greater  distance 
than  the  blue  image  (6).  Now,  if  w’e  imagine  a screen,  or  the 
retina  of  the  human  eye,  to  be  placed  so  as  to  receive  the  image 
(r),  such  image  (setting  aside  for  the  jiresent  the  splierical  aber- 
ration) would  be  a distinct  red  image  of  the  object  (a),  if  it 
were  not  for  the  existence  of  the  yellow  and  blue  images ; but 
the  blue  and  yellow  pencils  after  being  brought  to  a focus  at  (b) 
and  (y)  respectively,  diverge  from  the  points  of  those  images,  and 
fall  u]ion  the  red  image  (r).  A portion  of  the  divergent  yellow 
and  blue  pencils  mingle  with  the  red  image  and  produce  white 
light ; b\it  the  i*est  of  the  yellow  and  bhie  pencils,  OAving  to 
their  divergence,  overla]i  the  red  image,  and  the  result  is,  that 
the  image  formed  by  all  the  rays  together  is  white  only  in  the 
middle,  and  fringed  with  colour  at  the  edges. 

By  the  use  of  a compound  lens  formed  of  glass,  having  dif- 
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ferent  refractive  and  dispereive  ])owers,  the  aberration  i.s  so  far 
diminished  that  achromatism  is  practically  pi'oduced. 

The  difference  of  the  deviations  of  any  two  rays  of  the  sj)ec- 
tmm  divided  by  the  mean  deviation,  is  called  the  dispersive 
power  of  the  medium  for  those  rays. 
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CTTAPTER  II. 

THE  APPLICATION  OF  THE  PRINCIPLES  EXPLAINED  IN  CHAPTER  I. 

TO  THE  MICROSCOPE. 

We  will  now  proceed  to  examine  how  the  princij)les  ex])lained 
in  the  })recediiig  eha})ter  are  aj)])licahle  to  the  niicrosco})e.  This 
instrument,  as  its  name  implies,  is  constructed  for  enabling  the 
eye  to  obtain  distinct  perception  of  objects,  which,  fi-om  their 
minuteness,  woidd  be  invisible,  or  only  indistinctly  visible,  to 
unaided  vision.  The  eye  has  the  power,  within  certain  limits, 
of  ada})ting  itself,  that  is,  of  altering  its  refractive  power,  in 
such  a manner  as  to  obtain  distinct  vision  either  of  distant  or 
of  near  objects ; but  when  an  object  is  placed  within  a j)articu- 
lar  distance  from  the  eye,  the  pencils  of  light  proceeding  from 
the  ol)ject  become  so  divergent,  that  the  eye  is  unable  to  bring 
them  to  a focus  on  the  retina.  This  distance  varies  with  dif- 
ferent individuals,  but  may  be  taken  at  an  average  to  be  10 
inches.  If,  now,  a double  convex  lens  be  phiced  lietween  the 
eye  and  the  object,  the  pencils  of  light  being  refracted  by  the 
lens,  are  made  to  emerge  with  a degree  of  divergence  so  much 
reduced,  as  to  enable  the  eye  to  bring  them  to  a focus.  Fig.  8 
shews  the  course  of  the  i)encils  of  light,  and  the  manner  in 
which  the  divergence  is  reduced  ; :md  the  result  is,  that  to  an 
eye  placed  in  the  axis  of  the  lens,  the  object  a h a])pears  to  be 
situated  at  the  distance,  and  to  bo  of  the  nuignitude  of  the  ob- 
ject c d. 

Microscope. — A siui]>le  microscope  in  its  most  simi)le 
form  is  nothing  more  than  a convergent  lens  of  short  focal 
length  interposed  between  the  eye  and  the  object,  by  which  the 
obsei'ver  is  enabled  to  oVitain  di.stinct  vision  at  a distance  con- 
siderably less  than  woidd  be  practicable  with  the  naked  eye. 
By  the  use  of  such  a lens  the  apparent  magnitude  of  any  object 
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is  increased  in  tlie  proportion  which  the  limit  of  distinct  vision, 
say  10  inches,  bears  to  the  short  distance  at  wliich  the  eye  is 
enabled  to  see  distinctly  by  the  aid  of  the  lens  ; the  term  simple 
microscope,  however,  is  in  practice  applied  to  instrnments  used 
for  dissection  in  contradistinction  to  the  compound  microscoije. 
Such  an  instrument  will  be  described  hereafter. 

Doublet. — The  doublet  generally  used  is  that  invented  by 
Dr.  Wollaston,  and  consists  of  two  plano-convex  lenses  placed 
with  their  convex  sides  towards  the  eye,  the  focal  length  of  the 
lenses  being  in  the  proportion  of  1 to  3.  The  lens  of  shortest 
focus  is  placed  neai'est  to  the  object.  The  eifect  of  this  doublet 
is  to  i-emedy  the  sphei’ical  and  chromatic  aberration  in  the  fol- 
lowing manner,  as  explained  by  Mr.  Ross,  in  the  Penny  Cyclo- 
pxjedia,  article  “ Microscope.” 

Fig.  13.  P represents  a portion  of  the  pupil,  D D the  dia- 
phragm or  stop,  and  DOL,  the  object.  Each  of  the  pencils  of 
light  from  the  extrenoities  ot  the 
object  L'  L is  rendered  eccentric  by 
the  stop,  and  the  ray  that  passed 
thi-ough  the  first  lens  near  to  the 
centre,  is  made  to  pass  through  the 
periphery  of  the  second  lens,  and 
on  the  opposite  side  of  the  common 
axis,  P 0 ; thus,  each  is  affected  by 
opjiosite  errors,  which  in  some  mea- 
sure neutralise  each  other;  and  the 
rays  R B,  R B,  emanating  from  L, 
being  bent  to  the  right  in  the  lower 
lens,  and  to  the  left  in  the  upper, 
and  as  the  most  refrangible  of  the 
coloiu-ed  rays,  the  bhie,  is  altered  in 
its  coiu’se  at  each  bending,  and  falls 
near  the  margin  of  the  second  lens,  where  the  refraction  is  more 
powerful  than  in  the  centre,  the  blue  and  red  rays  'svill  emerge  very 
nearly  parallel,  and,  consequently,  colourless  to  the  eye ; thus,  the 
chromatic  abeiTation  is  almost,  if  not  entirely,  destroyed,  whilst 
the  sphencal  has  been  considerably  diminished  by  the  circumstance 
that  the  pencil  wliich  passes  one  lens  neai’est  the  axis,  passes  the 

c 


14 


THE  MICROSCOPE. 


other  nearest  the  margin ; hut  however  cai-efully  a doublet  of  this 
form  may  be  constructed,  there  must,  of  necessity,  be  some  small 
amount  of  error ; the  central  pencil  will  occupy  the  same  relative 
position  in  both  lenses,  and  the  correction  of  this  will  consequently 
be  imperfect,  and  all  those  rays  intei*metliate  between  the  centre 
mid  the  margin  will  vaiy  accorcbng  to  their  distance  from  one  or 
the  other ; but  allowing  this,  the  doublet  is,  nevertheless,  vastly 
superior  to  any  single  lens  of  the  same  jiower,  and  may  be  made 
to  transmit  a pencil  of  an  angle  from  35°  to  50°  vdthout  any  very 
sensible  errors,  and  to  exhibit  most  of  the  usual  test-objects. 

Fig.  14.  Xrii»iet. — This  insti-ument  was  invent- 

ed by  Mr.  Holland  in  1832,  and  consists, 
as  will  be  seen  by  fig.  14,  of  two  lenses 
placed  close  together,  with  a stop  between 
them  and  the  posterior  lens.  The  first 
bending  being  effected  by  two  lenses  in- 
stead of  one  is  accompanied  by  smaller 
aberi’ations,  which  are,  therefore,  more  completely  balanced  or 
corrected  at  the  second  bending  in  the  opposite  direction  by  the 

third  lens.  This 
combination,  al- 
though called  a 
triplet,  is,  in  fact, 
a doublet,  in  which 
the  anterior  lens  is 
dirided  into  two. 
Tt  is  capable  of 
transmitting  a 
pencil  of  65° 

M i- 

c roHcoi»<s — There 
are  many  different 
sorts  of  dissect- 
ing microscoj>ea, 
which  var}^  accord- 
ing to  the  fancy 
of  the  makers ; 
but  as  the  princijde  of  all  must  be  the  same,  it  will  be  sufficient 
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to  refer  to  tlie  accompanying  fig.  15,  wliicli  represents  one  of 
the  best  constmction  by  Mr.  Ross.  The  principal  points  to 
be  attended  to  in  selecting  a dissecting  microscope  ai'e  to  see 
that  the  stage  is  of  sufficient  size  and  strength,  and  that  tlie 
arrangements  for  holding  the  lenses  and  moving  them  in  dif- 
ferent directions,  are  convenient.  In  the  instrument  in  fig.  15, 
the  arm  at  the  top  which  candes  the  lens-holder  has  a forward 
motion  by  rack  and  pinion,  and  a traversing  motion  on  a pivot, 
by  whicli  means  the  lens  can  be  carried  in  any  direction  over 
tlie  stage.  The  adjustment  of  the  focus  is  effected  by  the  large 
mille<i  head  at  the  side.  This  instrument  is  usually  furnished 
with  lenses  of  1 inch,  ^ inch,  ^ inch,  and  1-1 0th  inch  focal  lengths, 
and  sometimes  with  a WoUaston’s  doublet.  The  doublet  may 
well  be  disjiensed  with,  if  the  obseiwer  is  possessed  of  a compound 
achromatic  microscope.  In  carrying  on  delicate  dissections 
with  this  microscope,  it  is  advisable  to  make  use  of  the  arm- 
rests, which  will  be  described  hereafter  in  the  chapter  on  ac- 
cessory instruments.  Mr.  Ross’  1 inch  achromatic  object-glass 
may  be  used  in  dissecting  with  this  instrument,  and  will  be  found 
most  agreeable. 

Figs,  16,  17,  and  18,  represent  another  form  of  dissecting 
microscojie,  called  “ Quekett’s  Dissecting  Microscope,”  lately 
produced  by  Mr.  Highley.  Fig.  16  shews  the  instrument  folded 
up  with  an  Indian-nibber  band 
round  it,  in  a manner  which  ad-  ^ 

mits  of  its  being 
pocket.  The  two 
pieces  of  wood  underneath  un- 
fold and  form  the  legs  (see  figs. 

17  and  18).  Fig.  17  shews 
the  internal  arrangement  and 
the  manner  in  which  the  mir- 
ror, lenses,  and  lens-holder  are 
packed  away.  The  straight,  flat  bar,  on  the  right  in  fig.  17, 
serves  to  keep  the  legs  from  closing  together  (see  fig.  18), 
and  also  as  a support  for  the  mirror  which  slides  into  a 
piece  of  brass  tubing  attached  to  the  flat  bar.  The  circular 
hole  at  the  lower  end  of  fig.  17  is  another  piece  of  brass 

c 2 


Fig.  18. 


Tiie  Coiiipoiinii  iWLicroscopo. — Tlie  actioii  of  a conimoii  com- 
]K)und  microscope  \\dll  be  understood  by  reference  to  fig.  19. 
The  object  to  be  \dewed  is  jdaced  before  the  anterior  lens,  which 
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tubing,  into  which  the  leils-holder  slides.  The  instrument  is 
fiunished  with  three  lenses,  and  is  to  be  had  at  a moderate  price. 

Fig.  17. 
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is  called  the  object-glass,  at  a distance  from  the  glass  somewhat 
greater  than  that  of  its  princii«,l  focus  ; the  eifect, 
therefoi-e,  according  to  tlie  principles  before  ex- 
plained, will  be,  that  an  invei'ted  magniiietl  image 
will  be  formetl  behind  the  object-glass,  as  at  A. 

This  image  is  viewed  through  ajiother  glass,  B, 
called  tlie  eye-glass,  by  which  it  Ls  further  mag- 
nified. It  is  obvious  that  by  this  aia-angement, 
tlie  extent  to  which  the  image  is  magnified  Ls 
represented  by  the  product  of  the  magnifying 
powers  of  the  object-glass  and  the  eye-glass.  The 
construction  represented  in  the  figui'e  Ls  that  of 
a compound  microscope,  in  which  notliing  has 
been  done  to  correct  the  eiTors  of  spherical  and 
chromatic  aberi-ation.  Such  an  instrament  is 
never  employed  at  the  present  day  in  scientific 
reseai-ches,  but  it  affords  an  easy  explanation  of 
the  prhvnple  of  the  compound  microscope,  which 
continues  the  same  imderthe  improved  constmc- 
tion  of  later  years. 

Compuuntl  Acbroniatic  Microscoiie- A ge- 

neral idea,  of  a modern  compound  acliromatic 
microscope  will  lie  obtained  by  inspection  of  the 
Frontispiece  and  of  fig.  20,  Fig.  20  represents  one  of  Mr,  Ross’ 
instruments  of  the  best  construction,  with  stage  movements. 
The  Frontispiece  represents  a microscope  designed  by  Mr. 
Highley,  which  is  exceedingly  useful  and  convenient,  and  of  a 
less  expensive  kind.  Fig.  21  represents  Quekett’s  dissecting 
microscope,  arranged  as  a travelling  instrument,  with  a compound 
body.  In  describing  the  cbfferent  parts  of  compound  achro- 
matic microscopes,  I shall  first  speak  of  the  mechanical  parts,  and 
then  of  the  optical  parts ; the  former  include  the  stand,  the  body, 
the  stage,  and  the  anangements  for  adjustment;  and  the  latter, 
the  mirror,  the  object-glasses,  and  eye-glasses, 

MECHANICAL  PARTS. 

Tiie  — The  stand  of  the  compound  microscope  is 

usually  composed  of  a tripod  with  two  upright  Pinal's.  Between 
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these  pillai-s  is  a bent  bar,  which  works  in  a joint.  The  bar 

carries  at  one  end  the  compound  body,  to  which  the  object-glass 

and  eye-piece  are 
Fig-  20-  attached,  and  at 

the  other  end,  the 
stage  and  the  niii- 
ror. 

Tlie  Ho«ly.  — 

This  con-sists  of  a 
long  brass  tube, 
which  carries  the 
object-glass  at  one 
end  and  the  eye- 
piece at  the  othei’. 
The  object-glasses 
are  screwed  on  to 
the  body,  but  the 
eye-pieces  ai’e  at- 
tached by  their 
own  tubes,  which 
slide  into  the  tube 
of  the  body. 

Tilt*  Stag**.  — 

This  is  the  part 
upon  which  the 
objects  to  be  ex- 
amined are  placed. 
It  consists  of  a 
jdate  of  brass,  having  another  plate,  called  the  object-plate, 
fitted  to  it,  and  made  so  as  to  slide  uj)  and  down  upon  it.  The 
object-plate  has  a raised  ledge  at  the  lower  end  for  supporting 
the  object  when  the  instniment  is  inclined.  In  the  more  ex- 
jxmsive  microscojies  the  object-plate  is  made  moveable  in  dif- 
erent  directions  by  means  of  the  screws  with  milled  heads, 
partly  seen  in  fig.  20. 

Tii<*  AiijuKtmont. — The  adjiLstineiit  of  the  instrument 
the  means  by  which  any  object  on  the  stage  is  brought  into  the 
focus  of  the  object-glass)  is  effected  by  moving  the  compound  body. 
This  motion  is  sometimes  produced  by  sliding  the  body  thi’ough 
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microscope  represented  in  fig.  20,  a triangular  bar  is  fitted  into 
the  bar  which  carries  the  stage,  and  this  triangular  bar  is 


its  holder,  as  will  be  understood  by  referring  to  the  Frontispiece, 
but  more  generally  by  means  of  a rack  and  pinion.  In  the 


Fig.  21. 
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moved  up  and  down  by  means  of  the  action  of  the  large  milled 
head  seen  in  the  figm-e,  and  of  a con-esponding  milled  head  on 
the  opposite  side.  In  all  the  best  microscopes  there  is  an  ad- 
ditional apparatus  for  adjustment,  called  the  Jim  adjustment,  by 
which  the  object-ghiss  may  be  brought  very  gradually  nearer  or 
further  from  the  object.  This  is  indispensable  when  high  j>o Wei’S 
are  eni})loyed.  It  is  effected  by  a screw  with  a fine  milled  head, 
and  is  seen  in  the  Frontisjiiece  in  front,  and  in  fig.  20  behind 
the  coni])ound  body.  The  manner  in  which  the  screw  acts  varies 
in  diftei'ent  instruments.  In  some  it  has  a conical  point,  wliich 
presses  against  a sht  in  an  inner  tube ; in  others  it  acts  by  means 
of  a lever. 


OPTICAL  PARTS. 

These  consist,  as  has  been  stated,  of  the  miiTor,  the  object- 
glasses,  and  the  eye-pieees. 

Tii«  miirror. — The  miiTor,  as  will  be  seen  by  reference  to  the 
Frontisiiiece  and  to  fig.  20,  is  circular.  It  has  two  silvered  glasses, 
one  concave  and  the  other  plane.  The  effect  of  the  concave  side 
is  to  cause  the  rays  of  light  to  converge,  whilst  the  plane  mii-ror 
reflects  them  parallel  to  one  another.  The  mirror  is  eapable  of 
being  moved  by  joints  in  every  direction,  and  should  be  made 
so  as  to  slide  uji  and  down  the  bar,  in  order  that  the  rays  from 
the  concave  surface  may,  if  necessary,  be  brought  to  a focus 
upon  any  object  on  the  stage, 

Tiie  Object-glasses. — The  construction  of  a modern  achro- 
matic object-glass  is  shewn  in  section  in  fig.  22. 
A.U  object-glass,  such  as  is  there  represented,  con- 
sists of  three  })lano-convex  lenses  with  the  plane 
side  towards  the  object ; each  lens  is,  in  fact,  com- 
pound, consisting  of  a double  convex  lens  cement- 
ed to  a plano-concave  one,  the  two  component 
lenses  being  made  of  glass  of  difierent  densities. 
The  manner  in  which  such  a glass  acts  in  form- 
ing an  image  is  as  follows : — The  object  is  })laced 
within  the  jirincijial  focus  of  the  anterior  lens,  so  that  a 'sdi’tual 
image  is  formed  in  front  of  the  lens  ; the  rays  from  this  image 
tall  on  the  second  lens,  but  the  image  is  so  near,  even  to  the 
second  lens,  as  to  cause  the  formation  of  a second  virtual 


Fig.  22. 


THE  MICROSCOPE. 


21 


image ; the  rays  from  this  second  virtual  image  fall  upon  the 
posterior  lens,  and  are  refracted  by  it  so  as  to  form  an  inverted 
magnified  image  behind  the  whole  combination,  which  last  image 
then  is  further  magnified  by  the  eye-piece.  In  some  achromatic 
object-glasses  of  low  power,  only  two  compound  lenses  are  em- 
ployed, and  in  some  of  high  power  four  are  used.  One  of  the 
lenses,  morever,  in.stead  of  being  doubly-compound  is  sometimes 
trij)le ; that  is,  it  is  composed  of  a double  concave  leiis  between 
two  double  convex  lenses. 

The  object-glasses  of  the  compound  microscope  ai’e  not  made 
pertectly  aclu'omatic.  Achromatism,  perfect,  both  theoretically 
and  practically,  has,  indeed,  not  yet  been  attained ; but,  irre- 
spective of  this  question,  object-glasses  are  purposely  consti’ucted 
so  as  to  project  the  image  formed  by  the  blue  rays  beyond  that 
formed  by  the  red.  This  is  called  over-correcting  the  object- 
glass  as  to  coloiu- ; the  reason  for  it  will  be  explained  when  we 
come  to  speak  of  the  Huyghenian  eye-piece. 

Augrio  of  Aperture. — The  angle  of 
aperture  of  an  object-glass  is  the  angle 
formed  by  the  extreme  rays  of  the 
largest  pencil  of  light  which  the  object- 
* glass  is  capable  of  transmitting. 

In  figs.  23  and  24  are  represented 
two  object-glasses,  having  different 
angles  of  aperture ; and  it  will  be  seen 
that  the  pencil  of  light  received  by  the 
object-glass  in  fig.  23,  is  much  larger 
than  that  received  by  the  one  in  fig.  24. 

If  we  suppose  the  two  object-glasses 
to  be  of  equal  magnifying  power,  the 
images  fonned  by  them  will  be  of  equal 
size  ; but  on  account  of  the  much  larger 
quantity  of  light  which  is  collected  from 
every  point  of  tlie  object  by  the  object-glass  of  lai’ger  apertm-e, 
minute  pores,  stripe,  or  other  mai'kings,  wdll  be  rendered  visilde 
by  the  latter  object-glass,  which  the  other  would  fail  to  exhibit. 
Extent  of  aperture  is,  therefore,  a point  of  the  utmost  import- 
ance in  the  constmction  of  object-glasses,  and  one  in  wliich  very 


22 


THE  MICROSCOPE. 


i-apid  progi-ess  lias  been  made  of  late  years.  Mr.  Ross’  aeliro- 
matic  combinations  of  l-8tli  of  an  inch  focal  length,  are  made 
to  transmit  angular  pencils  of  175°. 

In  connection  with  the  object-glass  it  is  necessary  to  mention 
the  adjustment  which  is  made  for  viewing  covered  objects. 
When  an  object-glass  has  been  corrected  for  spherical  aben-a- 
tion,  so  as  to  attbrd  a perfect  image  of  an  uncovered  object,  it  is 
foimd  that  if  the  object  is  covered  with  a piece  of  thin  glass, 
tlie  correction  of  the  aberration  is  so  far  interfered  with  as  to 
lender  the  performance  of  the  object-glass  defective.  This  effect 
of  the  thin  glass  is  remedied  by  an  arrangement  by  which  the 
distance  of  the  anterior  lens  of  the  combination  from  the  other 
two  is  rendered  capable  of  being  varied  within  certain  limits 
sufficient  to  correct  the  error  in  the  abeiTation  caused  by  the 
tliiu  glass.  The  adjustment  is  effected  by  turning  a screw  collar 
at  the  ujiper  end  of  the  object-glass ; and  ]\Ir.  Ross,  by  v.diom 
the  aiu’angement  was  invented,  gives  the  following  dii’ections 
with  regard  to  it : — 

“ When  an  achx'omatic  object-glass  for  a microscope  has  its 
aberrations  corrected  for  viewing  an  micovered  object,  the  cor- 
rection will  be  nearly  the  same,  whether  the  object  is  seen  by 
the  light  reflected  from  its  sui’face  as  an  opaque,  or  by  its  inter- 
cepting transmitted  light  as  a transpai-ent  one,  if  these  objects 
ai-e  properly  prepai-ed  and  illuminated ; but  if  it  be  necessary 
to  cover  the  object  with  glass  or  tide,  or  to  immei’se  it  in  a fluid, 
the  abeiTation  caused  by  the  refractive  and  dispei’sive  power  of 
the  interposed  medium  deteriorates  the  performance  of  the  ob- 
ject-glass. The  adjustment  which  is  given  to  olject-glasses  of 
high  magnifying  power,  and  ti'ansmitting  lai'ge  angular  jiencils 
of  light,  is  for  the  purpose  of  compensating  the  aberration  re- 
siUting  from  the  various  states  in  which  an  object  may  be 
placed.  To  effect  this  there  are  two  lines  on  the  external  part 
of  the  object-ghiss ; against  the  upper  line  is  engi’aved  un- 
Govered,  and  against  the  lower,  covered ; there  is  also  a small 
square  piece  of  brass,  or  tongue,  screwed  into  a morticed  hole, 
with  a single  line  upon  it,  as  shewn  in  fig.  25,  Immediately 
above  the  lines  is  a projecting  milled  edge,  which  may  be  moved 
independently  of  the  other  part  of  the  object-glass,  giving 
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motion  to  the  pai-ts  marked  uncovered  and  covered,  so  that 
either  of  the  lines  may  he  made  to  coincide 
with  that  on  the  tongue.  Tlxis  motion  has 
the  effect  of  separating  or  bringing  nem'er 
together  the  lenses  which  compose  the  object- 
glass.  When  the  line  against  which  un^ 
covered  is  engi-aved  coincides  with  that  on 
the  tongue,  the  adjustment  is  perfect  for 
viewing  an  opaque  or  uncovered  object;  but 
when  the  line  against  which  covered  is 
marked  coincides  with  that  on  the  tongue,  the  object-glass  is 
in  adjustment  for  viewing  an  object  covered  with  glass  or  talc 
100th  of  an  inch  thick.  If  the  glass  or  talc  is  less  than  100th 
of  an  inch  thick,  then  the  mark  on  the  tongue  should  be 
between  the  marks  covered  and  uncovered ; and  if  it  exceed 
100th,  then  the  mark  on  the  tongue  shoidd  be  without  the 
mark  against  which  covered  is  engraved.  This  adjustment 
must  be  tested  experimentally,  by  moving  the  milled  edge  so 
as  to  separate  or  close  together  the  combinations,  and  then 
bringing  the  object  to  distinct  vision  by  the  screw  adjustment 
of  the  microscope.  In  this  process  the  milled  edge  of  the 
object-glass  will  be  employed  to  adjust  for  character  of  defini- 
tion, and  the  fine  screw-movement  of  the  microscope  for  correct 
focus.” 

In  a late  Number  of  Microscopical  Journal,  Mr.  Wenham 
has  called  attention  to  the  great  importance  of  this  adjustment, 
and  has  given  the  following  practical  directions  upon  the  sub- 
ject : — “When  an  object  is  uncovered  all  that  is  necessary  is  to  set 
the  glass  to  the  mark  uncovered,  which,  in  a good  object-glass,  is 
placed  with  great  accm'acy.  When  the  object  is  covered,  select  any 
dark  speck  or  opaque  portion  of  the  object,  and  bring  the  outline 
into  perfect  focus  ; then  lay  the  finger  on  the  milled  head  of  the 
fine  motion,  and  move  it  briskly  backwards  and  forwards  in  both 
directions  from  the  first  position  ; observe  the  expansion  of  the 
dark  outline  of  the  object,  both  when  within  and  when  without 
the  focus.  If  the  gi'eater  expansion  or  coma  is  when  the  object  is 
without  the  focus,  or  farthest  from  the  objective,  the  lenses  must 
be  placed  farther  asunder,  or  towards  the  mai*k  v/ncovered.  If 
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tlie  greater  coma  is  when  the  object  is  within  the  focus, 
or  nearest  to  the  objective,  the  lenses  must  be  brought  closer 
together  or  towards  the  mark  covered.  When  the  object-glass 
is  in  proper  adjustment,  the  expansion  of  the  outline  is  exactly 
tlie  same  both  within  and  without  the  focus.” 

The  object-glasses  furnished  with  the  compound  achromatic 
microscope  vary  from  2 inches  to  1-1 2th  of  an  inch  focal  length. 
The  most  generally  useful  ones  are  the  2 inch,  1 inch,  and 
the  j inch. 

Eye-pieces. — The  eye-piece  usually  employed  Avith  the  com- 
pound aclu'omatic  microscope  is  that  which  wiis  invented  by 
Huyghens,  and  is  called  the  Huyghenian  eye-piece.  A section 
of  it  is  represented  in  fig.  2G.  Tt  consists  of  tAvo  coiiA’exo-plane 
lenses,  placed  Avith  the  plane  sides  toAvards  the  eye  at  a distance 
from  one  another  equal  to  half  the  sum  of  the  focal  lengths  of 
the  two  lenses,  the  lens  of  shortest  focus  being  nearest  to  the 

eye.  This  eye-piece  was  designed  by 
Huyghens,  for  the  piu’pose  of  dimi- 
nishing the  spherical  aberration  in 
an  astronomical  telescope  l)y  diAud- 
ing  the  deA-iatiou  of  an  excentrical 
pencil  between  the  tAAm  lenses,  but 
it  Avas  after Avards  fovind  that  its  con- 
struction also  fulfilled  the  condition 
of  aclu'oniatism  of  an  excentrical 
pencil. 

The  compensation  betAveen  the  two 
lenses  Avhich  rendei's  this  eye-piece 
achromatic,  is  thus  explainecL  The 
deviation  of  the  axis  of  a pencil  of 
light  prodiiced  by  a couA'ex  lens  is  greater  as  the  axis  is 
refracted  at  a greater  distance  from  the  axis  of  the  lens ; for 
the  axis  of  the  pencil  is  refracted  in  the  same  degree  as  it 
Avould  be  by  a prism  Avhose  surfaces  touch  the  lens  at  the 
jxiints  Avhei’e  the  axis  of  the  pencil  is  incident  and  emergent, 
and  therefore  the  deAuation  is  greater  as  the  refracting  angle  of 
such  a prism  is  greater.  Noav,  Avheii  a pencil  of  light  refracted 
by  the  object-glass  falls  on  the  field-glass,  it  is  separated  by  it 
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into  a series  of  colom-ed  pencils  whose  axes  follow  different 
covu’ses,  the  de\dation  of  the  axis  of  the  red  pencil  being  lesist, 
and  of  the  violet  greatest.  Since  the  axes  of  the  pencils  do  not 
cnt  the  axis  of  the  lenses  between  the  lenses,  the  axis  of  the  red 
pencil  falls  on  the  eye-glass  at  the  greatest  distance  from  the 
axis  of  the  lenses,  and  consequently  is  most  refrticted  by  it ; the 
axis  of  the  violet  pencil  falling  nearest  to  the  axis  of  the  eye- 
glass is  least  refracted  by  it.  Thus  the  pencils  from  the  same 
l>oint  in  the  object  which  are  least  and  most  refracted  by  the  field- 
glass  are  res})cctively  most  and  leiist  refracted  by  the  eye-glass, 
and  consequently  may  be  parallel  where  they  enter  the  eye."'^ 
The  effect  of  the  Huyghenian  eye-piece  in  connection  with  the 
over-correction  of  the  object-glass  will  be  better  understood 
by  reference  to  fig.  27,  where  FF  represents  the  field-glass  and 
EE  the  eye-glass,  L,  M,  and  FT  being  the  two  extreme  rays  of 
the  three  pencils  proceeding  from  the  centre  and  ends  of  the 
object.  If  the  field-glass  were  absent,  the  object-glass  being 
over-coiTected  woidd  form  a series  of  coloured  images  from  B B 

to  B R,  the  effect  of  the  over- 
correction being  to  project  the 
blue  images  beyond  the  red,  and 
these  images  would  be  convex  to 
the  eye-glass.  The  field-glass  brings 
the  images  to  foci  at  B'  B'  and 
R'  R',  and  reverses  their  curva- 
ture, thereby  giving  them  the  form 
best  adapted  for  vision  through  the 
eye-glass.  By  the  over-correction 
of  the  object-glass,  the  blue  foci 
B B,  are  protruded  as  much  be- 
yond the  red  foci  R R as  the  sum 
of  the  distances  between  the  red 
and  blue  foci  of  the  field-lens  and 
eye-lens,  so  that  the  separation 
B R is  exactly  taken  up  in  pass- 
ing through  those  two  lenses.  The  field-glass  brings  the  images 


Fig.  27. 


* See  “Griffin’s  Treatise ou  Optics,”  p.  130. 
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closer  together,  and  renders  the  blue  images  smaller  than  the  red, 
Ijy  the  superior  refractive  power  of  that  glass  upon  the  blue  rays, 
the  eifect  of  which  is  that  the  blue  rays  from  the  image  B'  .B' 
fall  nearer  to  the  centre  of  the  eye-glass  than  the  red  rays  from 
the  image  R'  B',  and  since  on  account  of  its  spheiical  figure 
the  refractive  power  of  the  eye-lens  is  less  at  the  margin  than 
at  the  centre,  the  result  is  that  the  blue  rays  are  less  refracted 
than  the  red,  and  the  two  kinds  of  rays  emerge  sensibly  parallel. 
Thus  by  the  ovei’-coiTection  of  the  object-glass,  together  with  the 
fact  of  the  spherical  eiTor  of  the  eye-lens  correcting  the  chro- 
matic disj)ersion  of  the  field-lens,  an  achromatic  image  is  pro- 
duced to  the  eye.* 

itaniMdvn’M  — Tliis  eye-jnece  is  only  used  with  the 

compomid  microscope  when  it  is  wished  to  obtiiin  a measure  of 
the  magnified  image.  It  consists  of  two  plano-convex  lenses,  or, 
to  speak  more  accurately,  of  a plano-convex  leiLs  and  a convexo- 
plane  lens  of  eqxial  focal  length,  placed  at  a distance  apai’t  equal 
to  about  two-thirds  of  the  focal  length.  The  image  formed  by 
the  object-ghiss  is  immediately  beyond  the  field-glass,  as  at  O, 

fig.  28.  This  eye- 
I»iece  is  not  achro- 
matic, but  might  be 
made  so  by  placing 
the  lemses  at  a dis- 
tance from  one  an- 
other, equal,  or  neai’- 
ly  eqiad  to  the  fo- 
Oi\\  length  of  either  ; 
but  if  this  were  done,  the  image  would  be  coincident,  or  nearly 
so,  with  the  surfoce  of  the  field-glass,  and  the  dust  and  imperfec- 
tions on  that  surface  would  form  spots  and  flaws  in  the  field  of 
view.  AVe  shall  have  to  mention  this  eye-piece  again  in  sj>eak- 
iug  of  the  iNIicrometer. 

The  lluyghenian  eye-piece  is  sometimes  called  the  negative 
eye-piece,  and  Ramsden’s  the  positive  eye-piece,  for  which  con- 
flicting and  unsatisfactory  reasons  have  been  given. 


* See  niticle  Microscojye,  “ Penny  Cyclopredia,” 
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CHAPTER  III. 

ON  THE  ACCESSORY  APPARATUS  AND  CHEMICAL  RE-AGENTS  NECES- 
S.VRY  FOR  THE  CONDUCT  OF  MICROSCOPICAL  INVESTIGATIONS 
IN  BOTANY. 


Tli«  Diaitlimgriii  is  represented  in  fig.  29.  It  consists  of  a plate 
of  blackened  brass  lia-vdng  Fig,  29. 

an  aperture  (in  large  in- 
struments) of  about  half 
an  inch.  Another  circidar 
plate  of  blackened  brass  is 
attached  on  the  underside, 
which  is  pierced  with  holes  of  different  sizes.  This  second  plate 
revolves,  so  that  each  of  its  holes  can  be  made  concentric  with  the 
hole  in  the  fixed  plate.  A spring,  having  a tooth  at  the  end,  is 
attached  to  the  fixed  plate,  and  the  tooth  catches  into  notches 
on  the  revolving  plate,  so  as  to  keep  the  latter  in  position  when 
its  holes  ai’e  brought  successively  over  the  hole  in  the  fixed  plate. 
The  object  of  the  instrument  (which  is  placed  under  the  stage) 
is  to  limit  the  angle  of  the  pencil  of  light  reflected  from  the 
mirror. 


Huirs-eye  C4iii«ienAcr. — This  instrument  is  represented  in 
fig.  30.  It  Ls  employed  for  the  pui’pose  of  throwing  a bright 
light  upon  objects  on  the  stage  of  the  microscope,  and  consi.sts 
of  a plano-convex  lens  fixed  to  a stand.  The  lens  is  placed  be- 
fore a lamp  or  candle,  so  as  to  cause  the  rays  ffom  the  source  of 
light  to  be  brought  more  or  less  nearly  to  a focus  upon  the 
object ; the  convex  side  must  be  tiu-ned  towards  the  lamp,  as 
otherwise  the  spherical  abeiTation  is  so  great  as  to  interfere  ma- 
terially with  the  condensation  of  the  light.  The  lens  is  move- 
able  up  and  down  by  means  of  the  piece  of  brass  tubing  which 
slides  on  the  upright  rod,  and  it  is  attached  to  an  ann  of  biuss, 
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wliicli  slides  iii  tlie  liorizoiital  ])iece  of  brass  tubing  seen  in  the 

figure.  The  lens  is  also 
moveable  on  a joint  at 
the  end  of  the  ann,  by 
which,  in  connection  with 
tlie  other  movements  be- 
fore mentioned,  it  may  be 
brought  to  bear  in  any 
position  upon  an  object 
upon  the  stage. 

Acliroiaatic  C/Onden- 

«er. — This  is  an  instini- 
ment  ein])loyed  for  tlie 
purpose  of  throwing  an 
intense  achromatic  Hght 
upon  transparent  objects 
by  condensing  the  rays  i*e- 
llected  from  the  miiTor. 
It  consists  of  an  ach- 
romatic combination  of 
lenses  constructed  simi- 
larly to  an  achromatic  ob- 
ject-glass,  and  piwided 
with  an  arrangement  for 
adjusting  the  focus.  It  is  placed,  of  course,  under  the  stage  in 

such  a position  as  to  admit  tlie 
piissage  through  it  of  the  rays 
reflected  from  the  miiTor,  so 
that  the  light  may  fall  upon 
the  object,  and  be  brought  to  a 
focus  by  the  aiTangements  for 
that  purpose.  A simple  fonn 
of  achromatic  condenser,  de- 
mised, I believe,  by  Professor 
Quekett,  is  represented  in  fig. 
31.  Delicate  markings,  not 
visilile  under  ordinaiy  illumi- 
nation, frequently  exist  upon  microscoiiic  objects,  and  in 
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Fig.  30. 


THE  MICROSCOPE.  29 

oi'dei*  to  exhibit  such  markings,  recourse  must  be  had  to  the 
achromatic  conde:iser. 

Polarizing-  Apparatus. — Before  describing  the  apparatus  em- 
ployed for  polarizing  light,  it  is  necessary  to  explain  what  is 
meant  by  tlie  term  polarization. — When  a ray  of  light  has 
been  subjected  to  reflection  or  refraction  under  certain  pecu- 
liai*  conditions,  it  acquires  peculiai'  propex-ties,  and  is  said  to 
be  polarized.  The  tenn  is  dei'ived  from  a supposed  analogy 
to  the  poles  of  a magnet,  and  although  not  hapjiily  chosen, 
is  now  too  well  established  to  be  altered  Light  may  be  po- 
hu'ized  by  I'eflectiou,  by  simple  refi’action,  by  double  refi’ac- 
tion,  and  by  absoi*ption. 

Double  i-efi-action  Ls  a property  possessed  by  cei'tain  crystals 
and  other  transparent  bodies,  of  sepai*ating  a ray  of  light  pass- 
ing through  them  into  two  poidiions.  By  absoi'ption  is  meant 
the  property  possessed  by  some  transpai-eut  media  of  stopping 
or  absoi-bing  pai*t  of  a ray  of  light,  and  ti'ansmitting  the  I’e- 
maindei’. 

We  have  stated  that,  according  to  the  modem  theory,  light 
is  caused  by  undulations  produced  by  the  vibiutions  of  the  pai- 
ticles  of  an  ethereal  medium.  According  to  this  theory,  com- 
mon or  unpolai-ized  light  is  produced  by  the  vibration  of  these 
particles  in  moi-e  planes  than  one,  two  of  these  planes  being  at 
right  angles  to  one  another,  the  paii^icles  vibi’ating  fii'st  in  one 
plane,  and  then  changing  their  vibrations  to  another.  Polarized 
light,  on  the  other  hand,  is  pi’oduced  by  the  vibi’ation  of  the 
particles  continually  in  one  plane. 

The  different  projiei’ties  of  common  and  polarized  light,  will  be 
seen  by  I'eference  to  the  following  table,  taken  from  Di\  Pereii'a’s 
“ Lectures  on  Polarized  Light.” 


A ray  of  common  light. 

1.  Is  capable  of  reflexion  at 
oblique  angles  of  incidence  in 
every  position  of  the  reflectoi*. 

2.  Penetrates  a plate  of  toui'- 


A ray  of  polarized  light. 

1.  Is  capable  of  i*eflexion  at 
oblique  angles  of  incidence,  in 
cei’tain  positions  only  of  the 
reflectoi’. 

2.  Penetrates  a plate  of  tour- 
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A ray  of  common  light. 

maline  (cut  parallel  to  the  axis 
of  the  crystal)  in  every  j^osi- 
tion  of  the  plate. 

3.  Penetrates  a bundle  of 
parallel  glass  plates  in  eveiy 
position  of  the  bundle. 

4.  Suffei-s  double  refraction 
by  Iceland-sjiar,  in  every  dii’ec- 
tion  except  that  of  the  axis 
of  the  crystal. 


A ray  of  'polarized  light. 

maline  (cut  j:)arallel  to  the  axis 
of  the  crystal)  in  certain  posi- 
tions of  the  plate,  but  in  others 
is  wholly  intercepted. 

3.  Penetrates  a bundle  of 
parallel  glass  jjlates  in  certain 
positions  of  the  bundle,  but 
not  in  others. 

4.  Does  not  suffer  double  re- 
fraction by  Iceland-spar  in  every 
direction  except  that  of  the 
axis  of  the  crystal.  In  certain 
jjositions  it  suffei's  single  refrac- 
tion only. 


Polarized  light  cannot  be  distinguished  by  the  naked  eye  from 
common  light.  In  order  to  ascertain  whether  light  wliich  has 
been  submitted  to  reflexion  or  refraction  has  undergone  polari- 
zation, it  is  necessaiy  to  make  use  of  an  instrument  called  a 
polariscope  ; tliis  consists  of  two  parts  ; one  for  polarizing  the 
light,  which  is  called  the  polarizer,  and  the  other  for  examining 
the  light,  which  is  called  the  analyzer,  or  test.  There  is  no 
essential  difference  between  the  two,  although  in  adapting  them 
to  the  microscope,  the  parts,  of  com*se,  have  to  be  differently 
mounted.  The  instinment  usually  employed  Avith  the  com- 
pound microscope  consists  of  a prism  of  Iceland- 
spai',  represented  in  fig  32,  which  is  idaced  under 
the  stage  as  a polarizer,  and  a similar  prism  placed 
over  the  eye-piece  as  a test.  The  }>risni  is  an  ob- 
li(pie  rhombic  prism,  and  is  first  dirtded  into  two 
wedges  in  the  direction  shewn  by  the  dotted  line, 
and  the  two  wedges  are  afterwards  joined  together 
with  Canada-balstrm.  Iceland-spar  is  a doubly  re- 
fracting substance  ; l)ut  the  effect  of  the  Canada- 
balsam  is  to  sepai*ate  the  two  images  to  such  an  ex- 
tent that  one  only  is  seen  through  the  prism.  Two  thin  plates  of 
toui’inaline  may  also  be  used  as  the  polariser  and  analyzer  respec- 
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lively,  ill  which  case  the  light  is  polarized  by  absorjition,  one  of 
the  polarized  rays  which  constitute  common  light  being  ab- 
sorbed by  the  tourmaline,  and  the  other  transmitted  ; or,  in 
other  words,  the  vibrations  of  the  ether  in  one  plane  ai-e  stopped, 
whilst  the  vibrations  in  the  plane  at  right  angles  are  unaffected. 
The  objection  to  tourmaline  plates  is,  that  unless  they  are  very 
perfect,  the  polarized  ray  becomes  colom-ed  in  passing  through 
them.  Dr.  Herapath  has  lately  recommended  crystals  of  sul- 
phate of  iodo-quinine  to  be  used  instead  of  the  Nichol’s  prisms, 
or  plates  of  tom-maline,  and  these  crystals  are  now  sold  by 
opticians  at  a price  considerably  less  than  that  of  the  ordinary 
polarizing  apparatus.  Ample  dii'ections  for  manufacturing  the 
crystals  are  to  be  found  in  the  “Microscopical  Journal,”  vol.  i., 
p.  83. 

When  light  reflected  by  the  miiTor  through  the  polarizer  is 
examined  by  the  analyzer,  it  is  found  that  upon  revolving  either 
the  one  or  the  other,  the  light  is  t^vice  completely  stopped  in 
each  revolution,  and  the  field  of  view  consequently  darkened. 
Tills  results  from  the  property  possessed  by  polarized  light  of 
passing  through  the  analyzing  crystal  when  the  axis  of  the 
polarizer  and  the  analyzer  coincide,  and  of  being  stopped  when 
these  axes  ai’e  at  right  angles  to  one  another. 

In  order  to  exhibit  the  coloured  phenomena  of  polarized 
light,  it  is  necessaiy  to  interpose  between  the  polarizer  and  ana- 
lyzer a tliin  plate  of  some  doubly-refracting  substance,  and  which 
is  called  the  depolarizer  : the  depolarizer  divides  the  polarized 
ray  into  two,  that  is,  it  produces  two  systems  of  waves  polarized 
in  planes  at  right  angles  to  each  each.  One  of  these  systems  of 
waves  traverses  the  depolarizer  more  slowly  than  the  other,  and 
thus  the  two  are  made  to  intei-sect  one  another,  or,  as  it  is  said, 
to  interfere.  Now,  when  two  systems  of  waves  interfere,  coloiu 
is  generally  produced,  but  this  is  not  the  case  when  the  vibra- 
tions of  the  interfering  waves  are  in  planes  at  right  angles  to 
each  other ; since,  therefore,  the  effect  of  the  depolarizer  is  to 
produce  two  rectangularly  folarized  rays,  it  is  necessary  to  make 
their  planes  of  polarization  coincide,  and  this  is  done  by  the 
analyzer. 

Polarized  light  is  of  great  use  to  the  microscopist,  by  enabling 
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liim  to  discover  the  existence,  in  many  tissues,  of  differences  of 
density  which  would  be  inapju’eciable  imder  ordinary  illimiina- 
tion.  Unequal  density  being  accompanied  by  the  jjroperty  of 
double  refraction,  these  tis.sues  when  examined  with  polarized 
light  exhibit  the  phenomena  of  coloured  polarization.  It  some- 
times happens  that  the  doubly -refracting  property  of  the  tissue 
Ls  not  sufficiently  powerful  to  produce  colour,  and  in  such  cases 
it  is  necessary  to  })lace  a thin  plate  of  selenite  imder  the  object. 
For  convenience  in  use,  the  jilate  is  sometimes  cemented  to  a 
piece  of  plate-glass,  and  covered  by  a piece  of  tliin  glass  joined 
to  it  by  Canada-balsam,  and  the  apjiaratus  is  called  a Selenite- 
stage. 

The  polarizing  apparatus  j:)roduces  beautiful  appearances  in 
all  irregularly  laminated  cells.  All  cells  in  which  the  thicken- 
ing substance  is  laminated  exhibit  the  cross  which  is  seen  in 
grains  of  starch ; the  pits  of  the  wood  of  Coniferae  and  the 
ducts  of  the  albumen  of  Phytelephas,  or  Phcenix  dactylifera, 
exhibit,  when  seen  from  above,  the  same  cross.  All  bast-cells, 
when  viewed  separately,  or  in  longitudinal  section,  shew  beau- 
fid  colours.  Wood-cells,  such  as  those  in  the  vascidar  bundle 
of  Caryota  urens,  are  also  very  beautiful. 

xtciini'iatiiig-  Apparatus.  — The  instruments  employed  for 
making  drawings  of  microscopical  objects  are  the  Camera  lu- 

cida,  the  neutral  tint  glass,  and 
the  steel  disc,  or  Soemmering’s 
mirror. 

Camera  Anriiia. — This  instru- 
ment is  represented  in  fig.  33.  It 
consists  of  a quadrilateral  prism 
of  glass  mounted  in  a brass  frame, 
and  attached  to  a short  tube,  by 
wliich  it  is  fitted  over  the  top  of  the  eye-piece.  A section  of 
the  jirism  is  represented  in  fig.  34.  The  rays  proceeding  from 
an  object,  P Q,  after  passing  througli  the  object-glass  and  eye- 
piece, fixll  nearly  peiqiendicularly  upon  the  firat  surfiice,  ai-e 
totally  reflected  at  the  contiguous  surface,  and  again  totally 
reflected  at  the  next  .surfiice,  emerging  finally  nearly  perpen- 
dicularly to  the  fourth  surface.  The  eye  is  placed  at  the  edge 
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of  the  prism,  in  such  a position  that  the  pencil  emerging  from 
the  prism  occupies  one  part  of  the  pupil,  and  the  rays  from 


Fig.  34. 


the  di*awing-pencil  the  other  pai’t ; by  this  means  an  image  of 
tlxe  object  is  seen  on  a sheet  of  paper  at  the  same  time  with  the 
point  of  the  pencil,  and  after  a little  practice  the  object  may  be 
ti*aced  upon  the  paper.  By  the  use  of  the  two  reflexions,  the 
inversions  correct  each  other,  and  there  is  the  same  relative 
direction  of  parts  to  the  eye  in  the  image  on  the  paper  as  in 
the  object.  A lead  pencil  is  generally  used  'with  the  Camera 
lucida ; but  if  an  object  is  very  delicate,  it  ■will  be  found  more 
convenient  to  use  a very  flne  camel’ s-hair  brush,  such  as  are  sold 
by  Messi’s.  Winsor  and  Ne'wton,  in  Rathbone-place,  for  micro- 
scopical dra'wing.  The  colour  may  be  either  35_ 

Sepia,  Indian  ink,  or  Front’s  brown : the 
latter  is  the  best. 

:^eutrai  Tint  OiasA. — This  consists  of  a 
piece  of  neutral  tint  glass  moimted  in  a frame 
in  the  manner  shewn  in  flg.  35,  and  having  a 
ring  of  brass,  by  which  it  is  fitted  over  the 
eye-piece.  It  Ls  used  like  the  Camera  lucida. 

When  an  outline  only  is  required  it  answem 
very  well,  and  there  is  no  difiiculty  in  seeing  the  pencil,  but 
the  image  is  far  less  bright,  and  not  so  well  defined  as  by  the 
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Ciiniera  lucida,  aud  it  is  necessaiy  to  sliield  the  paper  from  the 
light  to  a much  greater  exteut  than  Ls  iiecassary  with  the  latter 
iiLstnunent. 

Ti»«  inirror. — Tliis  is  represented  in  fig.  3G.  It  is  fitted 

to  the  microscojie  hy  a hrass  ring,  in  the  same  manner  as  the 

neuti’al  tint  glass.  The  mirror  Ls  smaller 
than  the  ])upil  of  the  eye,  so  that  the  rays 
of  light  froin  the  paper  enter  the  portion 
of  the  pupil  which  is  unoccupied  by  the 
mirror,  and  by  this  means  the  image  and 
the  pencil  may  be  seen  at  the  same  time. 

In  both  the  neutral  tint  glass  and  the 
steel  mirror,  the  reflector  is  placed  at 
an  angle  of  4^>°,  and  there  is  only  one  re- 
flexion. The  inversioiLs,  therefore,  ai’e  not  coiTected  a.s  in  the 
Camera  lucida,  but  this  does  not  give  rise  to  any  practical  diffi- 
culty in  the  use  of  these  instruments. 

Micrometer. — This  is  an  instmnient  msed  for  measuring  mi- 
ci'oscopical  objects.  The  most  convenient  form  for  the  com- 
pound microscope  Ls  that  of  an  eye-piece  hartng 
a ruled  glass  fixed  at  the  point  where  the  image 
is  formed,  so  that  the  scale  mid  the  image  may 
be  seen  at  the  same  time.  If  the  negative 
eye-]iiece  be  used,  the  ruled  glass  is  placed  be- 
tween the  lenses,  but  if  the  positive  eye-jiiece 
be  employed,  the  scale  is  placed  in  front  of  the 
field-lens.  Fig.  37  shews  a section  of  a Rains- 
den’s  eye-piece,  the  ruled  glass  lieing  screwed 
in  beneath  the  field-lens  in  the  manner  represented  in  the  figure. 

ComproAMorium. — This  instrument,  shewn  in  fig.  38,  is  used 
Fig.  38.  for  eompressing 

vegetable  tissues 
wdien  they  are  not 
thin  enough  to  be 
sufficiently  tmns- 
jiarent.  It  con- 
sists of  a plate  of 
brass  with  a hole  in  the  centre,  into  which  a circidar  piece  of  plate- 


Fig.  37. 


Fig.  36. 
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Fig.  39. 


gla-ss  is  fitted,  wliicli  serves  for  an  object-holder.  This  circular 
piece  of  gh^  projects  above  the  metal  plate,  and  a ring  of 
brass  carrying  a circular  piece  of  thin  glass  is  made 
to  press  upon  the  plate-glass  holder  by  means  of  the 
brass  arm  and  screw.  The  arm  may  be  moved  on 
one  side  by  rotating  it  upon  the  circular  piece  of  brass 
at  the  left  hand  of  the  plate.  A gentle  pressure  with 
the  scalpel  on  the  thin  glass  covering  an  object,  fre- 
quently answers  as  well  or  better  than  a compressorium, 
which  is  not  a very  usefid  instrument  for  botanical 
purposes. 

X'lMiiing-  TiiiieH — These  are  made  of  glass,  and  are 
shewm  in  fig.  39.  They  are  made  for  fishing  up  ani- 
malcules, but  they  will  be  found  very  usefid  for  taking 
up  Desmidiese  and  other  minute  Algte. 

i.auiit. — The  lamp  called  the  Cambridge  lamp  is  one  of 

the  most  convenient  for 


Fig.  40. 


using  with  the  micro- 


scope. Sperm  oil  should 
be  used,  the  cheaper  oils 
being  quite  unfitted  for 
burning  Avith  this  kind 
of  lamp.  Care  should 
be  taken  to  ascertain 
that  the  glass  chimney 
is  sufficiently  contract- 
ed at  the  shoulder,  so 
as  to  create  a suffi- 
cient draught  to  ensure  a clear 
flame. 

A small  and  very  convenient 
form  of  lamp  for  biu’uing  cam- 
phine  is  furnished  Ijy  IMessrs. 
Smith  and  Beck,  and  is  repre- 
This  lamp  gives  an  intense  and  beautifully 
clear  light,  but  it  is,  I believe,  somewhat  more  expensive  than 
a Candiridge  lamp. 

A Palmer’s  candle,  or  large  wax  candle,  affords  very  good 


sented  in  fig.  40 
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light ; hut  these  should  be  provided  with  a shade,  as  other- 
wise the  nickeling  of  the  flame  from  currents  of  air  in  the  room 

is  very  tiresome  to  the  eye.  For 
persons  whose  liouses  are  sup- 
plied with  gas,  Highley’s  achro- 
matic gas-lamp,  represented  in 
fig.  41,  will  be  found  a most  con- 
venient and  useful  ajiparatus. 
It  consists  of  a stage  sujiported 
by  a tube  and  socket,  and  carry- 
ing an  Argand  burner.  A metal 
cone  rises  to  the  level  of  the 
biu’ner,  and  is  about  an  eighth 
of  an  inch  from  its  outer  margin, 
by  which  means  a bright,  cylin- 
drical flame  is  procured.  A 
Leblond’s  blue  glass  chimney  is 
placed  over  the  burner,  which 
corrects  the  coloiu'  of  the  flame, 
and  tliis  is  further  rectified  b}’' 
a disc  of  bluish  black  neutral 
tint  glass  placed  obliquely  in 
front  of  the  chimney.  Parallel 
to  this  disc,  and  behind  the  chimney,  is  placed  a metallic  re- 
flector, which  concentrates  the  light. 

— The  instruments  necessaiy  for  bo- 
tanical dissections,  are  I’azors,  scalpels,  scissai’s,  and  needles.  It 
is  advisable  to  have  two  razors,  one  with  the  blade  liollow  on 
both  sides,  whicli  is  the  usual  form  of  razors,  and  another  with 
oiie  side  ground  perfectly  flat.  The  flat  razor  is  used  when  the 
object  is  placed  in  a slit  cork  and  a section  made  by  means  of 
tlie  machine  which  will  be  hereafter  described.  The  hollow- 
sided razor  is  used  when  the  section  is  made  •\\ath  the  unassistexl 
hand. 

ScaipoiM. — These  are  made  of  various  forms.  The  most  use- 
ful are  represented  in  the  annexed  figure  (fig.  42).  It  is  neces- 
sary to  have  at  leiist  two — one  of  a large  size,  such  as  No.  1 or 
No.  2,  and  another  smaller  such  as  No.  3.  No.  4,  is  a lancet- 


Fig.  41. 
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shaped  knife,  sharpened  on  both  sides,  and  is  veiy  iiseful  for 
making  fine  sections  of  minute  objects  and  soft  substances. 


Fig.  42.— No.  1. 


No.  3. 


Sci^sars. — Two  pair  of  scissars  should  be  procured,  one 
.straight  and  another  cmwed,  as  in  fig.  43. 

Fig.  43. 


]¥e«‘<iles — Different  kinds  of  needles  will  be  found  necessary, 
according  to  the  nature  of  the  plant  under  dissection.  Common 
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sewing  needles,  of  different  sizes,  which  may  be  iaseided  in  the 
handles  used  for  ci'ochet  work,  are  very  convenient.  Curved 
needles,  such  as  the  one  shewn  in  fig.  44,  No.  2,  are  often  very 
useful,  and  eveiy  observer  should  be  provided  with  a pair  of 
such  needles.  When  the  object  to  be  dissected  is  very  small 
and  delicate,  the  needles  used  for  operations  on  the  eye,  fig.  44, 
No.  3,  are  extremely  convenient.  The  knife- j)ointed  needle, 
fig.  44,  No.  1,  is  well  suited  for  the  dissection  of  objects  of  a 
coai*ser  nature. 


Fig.  44. — No.  1. 


No.  2. 


No.  3. 


Valentine’s  Knife. — This  instrument  is  shewn  in  fig.  45. 
It  was  invented  by  Professor  Valentine,  with  the  object  of 


Fig.  45. 


facilitating  the  making  of  sections  of  soft  substances,  such  as  the 
liver  or  the  spleen.  It  consists  of  two  blades,  which  admit  of 
being  brought  close  together  by  means  of  a rivet,  which  slides 
in  the  oblong  slit  seen  beneath  the  blades.  This  knife  has  not 
hithei’to  been  much  used  in  botanical  investigations,  but  it  wall 
be  found  extremely  useful  for  making  sections  of  soft  celluLai’ 
tissues,  such  as  that  of  fungi ; and  very  good  sections  of  leaves 
may  also  be  made  with  it.  The  blades  should  be  closed  under 
wnter,  and  the  section  removed  from  the  knife  wdth  a camel’s- 
hair  brush.  In  making  sections  of  leaves,  the  leaf  should  Ije 
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laid  upon  a flat  piece  of  cork.  Mr.  IMatthews,  of  Portugal 
Street,  has  improved  upon  the  invention  of  Professor  Valentine, 
by  making  the  two  blades  entirely  separable,  which  much  hicili- 
tates  the  cleaning  and  sharpening  of  them.  In  the  knife  shewn 
in  fig.  45,  one  blade  may  be  tmaied  away  from  the  other,  but 
camiot  be  entirely  removed. 

Forceps. — One  of  the  best  fonns  of  forceps  is  represented  in 
fig.  46,  No.  1.  The  small  rivet  on  the  one  side,  fits  into  a 
corresponding  hole  on  the  other  side,  by  which  means  the  points 
of  the  instrument  are  kept  accurately  together.  The  crossed 
forceps,  fig.  46,  No.  2,  are  used  for  holding  small  objects  during 


Fig.  46. — No.  1. 


dissection  with  the  simjde  microscope.  They  are  also  very 
convenient  for  holding  the  thin  glass  covers  of  cells  whilst  the 
edges  are  being  anointed  with  cement.  The  glass  cover  tmms 
easily  round  between  the  points  of  the  forceps,  by  merely 
passing  the  finger  along  the  outer  edge,  and  thus  the  necessity 
of  touching  the  face 
of  the  cover,  and  the 
consequent  dimming 
of  the  glass  by  the 
heat  of  the  finger,  is 
avoided. 

Arm  Rests. — These  are  made  of  deal,  and  are  slievui  in 
fig.  47.  They  are  used  for  suppoi-ting  the  arms  when  dissecting 
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with  the  sini2)le  niicrosco]>e.  The  height  of  the  rests  mxist  be 
regulated  accox'diiig  to  the  height  of  the  stage  of  the  dissecting 
microscope. 

— This  is  represented  in  fig.  48.  It  is 
nothing  more  than  a piece  of  plate-glass,  with  a rim  or  ledge 

cemented  at  the  bottom ; it  is  used 
when  objects  ai‘e  examined  in  fluid, 
for  the  purpose  of  preventing  the 
fluid  from  rmming  over  the  stage 
when  the  microscope  is  inclined. 
If  sidphuric  acid  or  any  bitixig  or 
corrosive  re-agent  is  used,  the  ledge 
shoidd  be  fastened  to  the  plate-glass 
with  gold  rivets,  as  the  cement  is  dissolved  by  the  acid,  and  the 
ledge  becomes  detached. 

— My  friend  Mr.  Spencer,  of  Blackheath,  has  recom- 
mended the  apparatus  shewn  in  fig.  49,  for  cleaning  thin  glass. 

It  is  very  diflicidt  to 
handle  gla.ss  which  is  less 
than  about  the  l-150th 
of  an  inch  thick,  wdthout 
breaking  it.  The  disks 
shewn  in  fig.  49,  may  be 
made  of  wood  or  metal. 
Their  surface  is  covered 
with  chamois  leather.  If 
a piece  of  even  the  thin- 
nest glass  be  placed  on  one  of  the  disks,  it  may  be  rubbed  clean 
with  the  other,  and  any  amount  of  pressiu’e  may  be  exerted 
without  risk  of  breaking  it. 

Section  iiistriuiient — This  is  represented  in  fig.  50.  It 
consists  of  a piece  of  cylimbical  brass  tubing  open  at  the  top, 
and  closed  at  the  bottom ; a brass  cbsk  is  fitted  inside  the 
cylinder,  and  is  capable  of  being  moved  \ip  and  do^vn  the 
whole  length  of  the  tube  by  the  screw  at  the  bottom.  Into 
this  tvibe  is  pushed  a very  soft,  perfect  cork,  which  has  been 
divided  longitudinally  almost  to  the  bottom  with  a sharp  knife. 
The  object  from  wdiich  it  is  wished  to  take  a thin  section  is 
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placed  with  great  care  in  the  slit  made  in  the  cork,  and  the 
cork  is  then  pushed  into  the  tube,  so  as  to  leave  the  uppei' 
surface  of  the  cork  just  pi’ojectiug  above 
the  edge  of  the  tube ; the  upper  sui-face 
of  the  cork  is  moistened  with  a little 
water,  and  then  with  a sharp  razor,  to 
which  the  plate  at  the  top  serves  as  a 
guiding  sm-face,  the  thinnest  possible 
lamellaj  of  cork  are  cut  from  the  upper 
surface ; with  these  lamellje  of  cork  is 
obtained  a thin  lamella  of  the  object 
placed  in  the  slit  of  the  cork,  which 
lamella  is  removed  from  the  razor  and 
separated  from  the  cork  with  a fine 
camel’s-hair  brush.  Tliis  mode  of  pro- 
ceeding is  strongly  to  be  recommended : 
it  is  well  adapted  for  all  thin  objects, 
and  for  all  small  objects  which  are  not 
too  soft ; for  example,  for  transverse  and  longitudinal  sections  of 
leaves,  of  the  stems  of  mosses,  of  small  seeds,  and  such  like 
things.  If  the  object  is  somewhat  thicker,  the  cork  must  be 
carefully  hollowed  out  a little  at  the  place  wliich  is  to  receive 
the  object.  This  plan  is  useless  for  veiy  soft  objects,  which 
can  be  only  cut  with  the  hand.  The  side  screw  in  fig.  oO  is 
for  holding  the  cork  tight  in  case  it  does  not  quite  fit  the  tube. 
This  instrimient  may  be  used  for  making  sections  of  wood. 

Some  large  and  small  camel’s-hair  brushes  are  necessary  for 
the  pm’pose  of  removing  the  sections  of  objects  on  to  the  slides. 
For  veiy  small  objects,  none  but  the  finest  water-coloiir  brushes 
are  of  any  use. 

In  addition  to  the  apparatus  which  has  been  already  men- 
tioned, the  observer  should  be  provided  with  some  glass  uten- 
sils, such  as  small  bell-glasses,  or  inverted  wine-glasses  without 
legs,  for  preserving  objects  from  dust.  Watch-glasses,  of  tolera- 
bly large  diameter,  for  treating  preparations  with  water,  alcohol, 
or  ether,  and  for  boiling  thin  sections  with  chlorate  of  potass 
and  nitric  acid,  are  also  necessary,  as  well  as  some  long,  tolerably 
wide  tubes,  for  warming  preparations  with  water  or  alcohol,  and 
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fur  boiling  objects  with  chlorate  of  potass  and  nitric  acid.  Gla.ss 
slides  for  mounting  ol)jects  must  also  be  procui-ed.  Eartheji- 
ware  saucers  may  be  used  for  boiling,  and  are  less  liable  to 
ci'ack  with  the  heat  than  watch-glasses. 

A cou2>le  of  tumblers,  or  common  white  saucei’s,  filled  with 
clean  water,  should  always  be  upo:i  the  observing-table ; one  of 
these  serves  for  immediate  use  during  the  observation,  the  other 
foi‘  the  1‘eception  of  slides  and  covering-glasses  which  have  been 
already  used.  Slides  and  covering-glas.ses  are  more  difficult  to 
clean,  and  are  more  easily  scratched,  when  objects  become 
fastened  to  them  in  drying. 

Some  2)ith  of  the  elder-tree,  and  some  fine  linen  which  has 
been  frequently  washed  (cambric  which  has  been  ju’eviously 
used  is  the  best),  are  useful  for  cleaning  the  object-glasses  and 
eye-glasses.  Cloths  used  for  cleaning  the  glasses  of  the  in- 
strument must  never  be  used  for  cleaning  slides  and  glass 
covers  ; for  the  latter  2)mq)ose,  a less  fine  sjjecies  of  linen  may  be 
used. 

ciiemicai  ite-ag-cnts. — The  chemical  re-agents  eni2)loyed  in 
botanical  investigations  are  jJi’incipally  the  following  : — 

I.  Alcohol,  which  is  used  for  removing  air  from  sections 
of  wood  and  other  ju'ejiai’ations,  and  as  a means  of  dis- 
solving certain  colouring-matters,  &c.  ; this  is  also  useful 
for  j^roducing  the  contraction  of  the  liiiniordial  utricle. 

II.  Ether,  which  is  ju'uxcijially  used  for  dissolving  resins, 
fatty,  and  other  essential  oils,  tfcc.  This  is  also  useful  for 
removing  air. 

III.  A solution  of  caustic  jiotash,  which  is  used  for  the 
purpose  of  dissohdng  fat,  is  also  very  useful  from  its  effects 
ujxon  the  contents  of  cells ; it  acts  also  as  a solvent  u2)on 
the  cuticle,  the  intercellular  substance,  upon  wood,  and 
ujxon  cork.  This  solution  often  works  better  after  wanu- 
ing. 

IV.  A solution  of  iodine  (one  gi’ain  of  iodine,  three  grains 
of  iodide  of  jxotassimn,  one  ounce  of  distilled  water)  for 
colouring  the  cell-membrane,  and  the  contents  of  the  cell. 

v.  Concentrated  sul2)huric  acid.  This  is  princi^xally  u.sed 
for  examining  i)ollen  and  sjxores. 
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VI.  Some  diluted  sulpliuric  acid  (tliree  ])arts  of  sulplim-ic 
acid  and  one  part  water),  for  coloiuing  the  cells  of  plants 
which  have  been  })reviously  moistened  with  the  solution  of 
iodine.  The  object  is  moistened  with  the  solution  of  iodine, 
which  is  then  removed  with  a fine  camel’s-hair  IjriLsh,  and 
by  means  of  a glass  rod  a drop  of  sidjihuric  acid  is  added, 
and  the  object  is  then  immediately  covered  with  a cover- 
ing-glass. The  effect  of  the  suliihuric  acid  and  iodine,  as 
well  as  that  of  the  iodized  solution  of  chloride  of  zinc,  is 
not  always  the  same  over  the  whole  surface  of  an  object. 
At  the  points  where  the  mixture  is  more  concentrated, 
the  coloiu'ing  is  more  intense ; frequently  places  remain 
Avithout  any  colour.  The  coloim  changes  after  some 
time  ; in  twenty-four  hom-s  the  blue  is  often  changed  into 
red. 

VII.  A solution  of  chloride  of  zinc,  iodine,  and  iodide  of 
potassiiun.  A drop  of  this  solution  applied  to  an  object 
placed  in  a little  water,  produces  the  same  colour  as  iodine 
and  sulphuric  acid.  This  solution  was  first  recommended 
by  Professor  Schultz,  of  Postock  ; it  is  more  convenient  to 
use  than  iodine  and  sulphuric  acid,  and  produces  almost 
the  same  results ; it  is,  moreover,  not  so  destructive  as 
sidphuric  acid  ; sometimes,  however,  it  fails  to  pi'oduce 
eoloru’  in  cases  in  which  iodine  and  sulphuric  acid  produce 
a blue  tint  in  cellidose ; iodine  and  suliihiu-ic  acid  must, 
therefore,  in  many  cases,  be  used  in  addition  to  the  above 
solution.  The  exact  prescription  for  this  solution  is  as 
follows  : Ziuc  is  dissolved  in  hydrochloric  acid ; the  solu- 
tion is  permitted  to  evaporate,  under  contact  with  metallic 
zinc,  until  it  attains  the  thickness  of  a syrup;  and  the 
syrup  is  then  saturated  with  iodide  of  potassium.  The 
iodine  is  then  added,  and  the  solution,  when  it  is  necessary, 
is  diluted  with  water. 

viii.  A solution  of  sugar  or  weak  syrup  to  be  u.sed  as  a 
re-agent  upon  nitrogenous  matter.  The  preparation  (animal 
or  vegetable,  as  the  case  may  be)  should  be  saturated  with 
the  S3n-up,  and  tlien  carefully  I'emoved  with  a camel’s-hair 
brush.  A chup  of  diluted  sulphuric  acid  should  then  be 
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applied  with  a glass  rod.  If  nitrogen  be  present,  the  pre- 
paration in  the  course  of  eight  or  ten  minutes  assumes  a 
more  or  less  clear  tint  of  rose-colour.  If  the  colour’  is  very 
faint  it  sometimes  disappears  whilst  the  object  is  under 
the  microscope,  in  which  case  it  is  a good  plan  to  place 
the  slide  ujion  white  paper,  and  the  colom-  will  then  become 
visible  to  the  naked  eye.  A weaker  solution  of  sugar  may 
be  used  for  producing  coitraction  of  the  primordial  uti’icle. 

IX.  Nitric  acid,  or,  what  is  better,  chlorate  of  jrotash 
and  nitric  acid.  This  is  used  for  sepai’atiiig  cells.  The 
method  of  maceration  discovered  by  Professor  Schultz,  and 
which  is  much  to  be  recommended,  is  as  foUows  : The 
object  (wood,  for  instance)  is  reduced  in  size  to  the  thick- 
ness of  a lucifer-match ; it  is  then  thro  mi  into  a long  and 
tolerably- wide  boiling  tube ; to  this  is  added,  in  a little 
while,  an  equal  volume  of  chlomte  of  potash,  and  as  much 
nitric  acid  as  is  at  least  sufficient  to  cover  the  wood  and 
the  potash ; the  tube  is  then  wanned  over  a spirit-lamp  ; a 
brisk  development  of  gas  quickly  appeal's;  the  boiling-tube 
is  withdrawn  from  the  flame,  the  oxydiziug  mixtime  is  per- 
mitted to  work  for  about  a minute  and  a half,  or  tliree 
minutes,  and  the  whole  is  thromi  into  a saucer  with 
water  : the  small  pieces  which  adhere  slightly  to  one 
another  are  then  collected,  placed  in  the  boiling- tube,  and 
boiled  repeatedly  with  alcohol,  mitil  the  latter  appears 
colourless ; they  are  then  boiled  once  more,  for  the  last 
time,  with  water.  The  boiling  in  alcohol  is  always  ad- 
viseable,  because  it  not  only  removes  the  turpentine,  but 
also  can’ies  off  the  fluid  residuum  of  the  acid,  which  is  apt 
to  be  injurious  to  the  object-glasses  of  the  mici’oscope.  By 
the  help  of  the  simple  microscope  the  cells  are  now  sepa- 
rated from  one  another  with  a needle,  and  selected.  The 
lioiling  with  nitric  acid  and  chlorate  of  potash  should  never 
})e  carried  on  in  the  room  where  the  microscope  is  kept, 
because  its  glasses  might  be  injured  by  the  evaporation 
which  is  developed.  Thin  sections  of  plants,  for  instance, 
of  wood  or  leaves,  ai’e  warmed  for  half  a minute,  or  a 
minute,  in  a watch-glass  ; the  boiling  is  unnecessary  in 
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this  case;  tlie  section  is  taken  out  with  a little  rod,  and 
thrown  into  a small  watch-glass,  with  water.* 

X.  Oil  of  lemons,  or  any  other  essential  oil  for  examin- 
ing pollen  and  spores. 

The  best  mode  of  applying  the  chemical 
re-agents  is  by  means  of  small  bottles,  such 
as  the  one  represented  in  Fig.  51,  which  has 
a capillaiy  orifice,  through  which  the  fluid  is 
discharged  in  drops  by  the  expansion  of  the 
air  in  the  iiiterior  from  the  heat  of  the  hand. 
When  it  is  necessary  to  refill  them,  the 
simplest  plan  is  to  place  a small  cpiantity  of 
the  re-agents  in  a wine  glass,  then  to  warm 
the  bottle  over  the  flame  of  a spirit-lamp,  and 
invert  it  into  the  wine-glass.  It  is  necessary 
to  warm  the  bottle  three  or  four  times,  as  it 
is  never  filled  by  the  first  inversion.  Care 
must  be  taken  not  to  heat  the  bottle  too 
much,  as  otherwise  it  is  ajDt  to  crack. 

Fig.  52  represents  a box  for  holding  bottles  containing  chemical 
re-agents,  such  as 
the  one  shewn  in 
fig.  51.  Boxes  of 
this  kind,  of  dif- 
ferent sizes,  ac- 
cording to  the 
niimber  of  the 
bottles,  and  hav- 
ing a gutta  per- 
cha  frame  inside, 
pierced  with  cir- 
cular holes,  for 
keeping  the  bot- 
tles erect,  are  sold,  with  the  bottles,  by  Mi'.  Highley. 


Fig.  51. 


* The  boiling  with  chlorate  of  potash  and  nitric  acid  is  an  experiment  re. 
quiring  some  caution,  as  the  mixture  is,  to  a certain  extent,  explosive. — Tr. 
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CHAPTER  IV. 


ON  THE  PRESERVATION  OF  BOTANICAL  SPECIMENS  FOR  THE 

MICROSCOPE. 

Opiuiuv  oi>jc‘ctM. — The  majority  of  hotanical  specimen.s 
whicli  are  kept  for  microsco])ical  examination,  are  tran.sparent, 
ami  recpiire  to  he  immersed  in  some  pre.servative  medium,  but 
there  ai'e  .some  objects,  such  as  tlie  seeds  of  many  jilants,  and  a 
number  of  the  smaller  kinds  of  fungi,  whicli,  when  preserved 
entire,  it  is  neces.sary  to  examine  as  opacpie  objects.  Tliese 
may  be  mounted  on  slides,  either  of  plate-glass,  mahogany,  or 
ebony.  The  size  of  the  slides  sliould  be  three  inches  in  length  by 
one  in  width.  When  the  ])late-gla,ss  slides  are  used,  it  is  neces- 
.sary to  gum  a piece  of  black  paper  upon  them,  to  form  a dark 

back-gi-ound  for  the  object.  The  ebony  slides  are  the  best  for 

ojiaque  objects,  but  tlie  wood  is  expensive,  and  mahogany, 
which  is  a vast  deal  cheaper,  answers  the  puiqiose  very  well,  and 
is,  moreover,  much  lighter,  whicli  is  an  advantage  when  it  is 
wished  to  transmit  objects  by  iiost. 

Ti'an!iii»iii'eiit  oiijectw. — In  mounting  transparent  objects  in 
fluid,  it  is  necessary  to  be  jirovided  with  a cell.  Cells 

are  manufactured  in  a variety  <if  ways,  -which  it  Avdll  not  be 


— — ghiss  01’  ceuieiit. 

dlaNH  C'plls. — 

These  arc  made  by  drilling  lioles  in  jiieces  of  glass,  and  then 


Fig.  53. 


necessaiy  to  de- 
scribe at  length. 
For  botanical 
}uirposes,  none 
are  more  coiiA-e- 
uient  than  those 
made  either  with 
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cementing  them  to  plate-glass  slides.  In  figs.  53  and  54 
are  shewn  a number  of  such  cells  of  different  sizes  and  thick- 

Fig  54. 


nesses.  When  it  is  wished  to  have  a cell  for  use,  with  the  higher 
powers  of  the  microscojje,  it  must  be  made  of  »wery  thin  glass, 
such  as  that  which  is  used  for  coveidng  objects.  The  thin  glass 
cell  may  be  of  the  same  sha'pe  as  those  represented  above.  It 
can  be  made  so  thin  that  an  eighth  of  an  inch  object-glass  may 
be  used,  provided  the  cover  be  thin  in  proportion. 

Cement  Cells. — These  cells  may  be  made  with  asphalte,  ce- 
ment, gold-size,  licp\id-glue,  or  any  material  of  a similar  nature. 
None  is  more  convenient  than  gold-size.  The  easiest  way  of 
manufactiu-ing  these  cells  is  by  the  aid  of  a small  instrument 
called  a whirling-table,  represented  in  fig,  55.  The  instrument 
is  held  in  the  left  hand,  the  glass  slide  being  placed  under  the 

two  spring  clips,  and  the 
brass  circle  which  works 
on  a pivot  is  then  made  to 
revolve  by  means  of  the 
milled  head  underneath  the 
circle.  Whilst  the  slide  re- 
volves, a camel’s-hair  brush 
dipped  in  the  gold-size  oi-  other  cement,  is  held  in  the  right 
hand  in  such  a manner  that  the  tip  of  the  brush  just  touches  the 
glass-slide  during  its  revohition.  By  this  means,  a thin  anmdar 
layer  of  cement  is  deposited  on  the  slide,  which,  when  dry, 
seiwes  for  a cell.  If  the  cell  be  not  deep  enoxTgh,  a second  layer 
of  cement  may  be  added  when  the  first  has  become  dry. 

iFixingr  tiie  Cover. — The  object  is  j)laced  within  the  cell  in  a 
drop  of  the  fluid  selected  for  its  preservation,  and  it  must  then 
be  covered  with  a piece  of  thin  glass.  The  edges  of  the  thin  glass 
cover  are  touched  with  cement,  and  in  order  to  avoid  air-bubbles 
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arisiug  in  the  fliiid,  the  cover  should  be  placed  so  as  to  form  an 
angle  of  about  45°  with  the  i)late-glass  slide,  and  then  let  down 
\'ery  gradually  to  its  horizontal  position.  The  cover  may  be  very 
lightly  pressed,  so  as  to  squeeze  out  the  superfluous  fluid  and  to 
insure  the  junction  of  the  cement  at  its  edges  with  the  ring  of 
glass  or  cement  which  forms  the  cell. 

i*resi*rvafive  Fiiiitini. — The  fluids  best  ada])ted  for  presen'ing 
botanical  specimens  are  a weak  mixture  of  spirit  and  water  (loz. 
of  rectified  s])irit  to  five  ounces  of  distilled  w^ater),  a solution  of 
miuiate  of  lime,  consisting  of  one  pait  of  dry  muriate  of  lime  to 
three  parts  of  distilled  water,  or  glyceiine  and  water  mixed  in 
the  proportion  of  one  pai't  of  glycerine  to  tAvo  of  distilled  AA-'ater. 
Each  of  these  fluids  possesses  some  desirable  qualities,  and  each 
has  certain  defects.  The  spirit  and  Avater  has  the  adA'antage 
of  lAcing  comparatiA^ely  free  from  air-bubbles,  but  it  gradually 
destroys  the  colour  of  the  specimen,  and  should  therefore  not  be 
used  Avhen  the  preservation  of  colour  is  an  olyect.  It  also  CA'a- 
j)orates  rapidly,  and  consequently  it  is  necessary  to  take  great 
care  that  the  coA^er  of  the  cell  is  hermetically  sealed. 

The  solution  of  muriate  of  lime  is  a very  good  preservatiA-e, 
but  it  has  not  the  pro})erty  of  preserA-ing  the  colour  of  the  ob- 
ject. The  gTeat  adA'antage  of  this  fluid  beyond  its  px*eserA-atiA'e 
pOAver,  consists  in  its  deliquescence.  It  neA’er  dries  up,  and 
therefore  the  cover  of  the  cell  does  not  reqxiire  such  j)erfect  fix- 
ing as  in  the  case  of  spirit  and  Avater.  This  solution  nxust  not 
be  xised  for  preserving  starch  gi*ains,  as  they  SAvell  and  become 
mis-shapen  in  it.  Glycerine  and  AA-atei'  has  the  quality  of  pre- 
sei’A'ing  coloxir  to  a gi’cat  extent,  and  it  also  eA-a])oi-ates  sloAvly, 
but  there  is  some  difficulty  in  getting  rid  of  aii-bubbles.  I\Ir. 
Topping  recommends,  for  the  preserA'ation  of  delicate  colours,  a 
mixture  of  one  ounce  of  acetate  of  alumina  and  four  ounces  of 
distilled  Avater. 

Canatia  iiaisani. — This  may  be  used  Avith  adA^antage  for  pre- 
sei'A'ing  sections  of  AA'ood.  The  sections  must  be  cpiite  dry,  and 
it  is  sometimes  adA’antageous  to  immerse  them  in  alcohol  to 
expel  the  air.  In  using  Canada  balsam,  the  slide  must  be 
Avarmed,  either  over  a s})irit-lam[),  or  more  com-enieixtly  by 
jxlacing  it  upon  a brass  table  or  tripod,  fig.  56,  Avith  a s})irit- 
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lamp  under  it.  A di’op  of  Canada  balsam  is  placed  upon  tlic 
object,  and  the  thin  glass  cover,  previously  wanned,  is  placed  on 
the  balsam,  and  is  either  allowed  to  settle  by  its  own  weight,  or 
is  gently  pressed  with  the  handle  of  a scalpel.  Canada  balsam 
should  be  kept  in  a bottle  such  as  is  represented  in  fig.  57. 


Deane’s  Creiatiiie. — This  is  one  of  the  most  convenient 
media  for  preserving  vegetable  specimens.  It  is  sold  in  small 
bottles,  in  the  shape  of  a transparent,  tough  jelly,  and  the  method 
of  use  is  as  follows : — In  the  first  place  the  bottle  must  be  placed 
in  hot  water,  by  which  the  jelly  becomes  perfectly  fluid.  In 
order  to  provide  against  air-bubbles,  it  is  necessary  that  the  spe- 
cimen slioidd  be  quite  moist,  for  which  2uu'pose  it  should  be  left 
soaking  for  some  hours  in  the  solution  of  muriate  of  lime  above- 
mentioned.  Water  would  do  as  well  for  moistening  the  object; 
blit  if  the  latter  shotdd  be  left  long  enough  for  the  water  to 
eva})orate,  it  will  either  curl  uji  or  adlaere  to  the  glass  upon 
which  it  is  placed,  and  in  either  case  be  sjx>iled.  When  the 
object  is  thoroughly  moistened,  the  glass  slide  upon  wliich  it  is 
to  be  mounted  shoxild  be  gently  warmed,  either  ujxon  the  trijxod 
or  by  holding  it  over  the  flame  of  a spirit-lamp  ; the  object  is 
then  placed  upon  the  slide,  and  all  supei-fluous  moisture  should 
be  removed,  either  with  a camel’s-hair  brush  or  a piece  of  blot- 
ting-pajxer ; a ckop  of  the  melted  gelatine  is  then  jilaced  upon 
the  object  with  an  animalcule  txibe  or  common  glass  rod  ; the 
thin  glass  cover  (also  2xre\iously  warmed)  is  then  jxlaced  over 
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tlie  object,  and  is  either  allowed  to  sink  l)y  its  own  weight  or 
gently  pressed  upon  the  gelatine. 

CuMtoi-  4»ii. — This  is  a very  good  preservative  medium,  and 
possasscs  the  great  advaiiHige  of  j»resenting  little  difficulty  with 
regard  to  air-bubbles.  If  the  object  is  dry,  there  is  less  tixjuble 
with  aii-buljbles  in  the  use  of  ca.stor  oil  tlian  in  that  of  any 
otlier  mediuin  witli  which  I am  acquainted.  Objects  such  as 
the  cajhllitia  of  minute  fungi,  which  would  reqixii’e  a long  pre- 

Fig.  58. 


paratory  soaking  in  fluid  in  or^ler  to  get  rid  of  air-bubbles,  may 
be  mounted  at  once  witliout  difficulty  in  castor  oil.  The  only 
objection  is,  that  when  the  cement  cell  is  used  there  is  some 
difficidty  in  properly  fixing  the  glass  cover.  The  oil  will  some- 
times ooze  out : when  this  happens,  the  best  plan  is  to  wait 
until  the  oil  hardens,  which  it  will  do  in  time,  then  gexitly  t<> 
scj-ape  off  the  hardened  oil,  and  apply  another  layer  of  cement 


THE  iHCROSCOPE. 


51 


witli  a cauiel’s-liair  brush  and  the  whirling-table  in  the  usual 
way. 

I may  add  here  that  simple  distilled  water,  hermetically  sealed, 
appears  to  act  well  as  a preservative  fluid.  I have  seen  a frag- 
meut  of  a leaf  looking  fresh  and  green,  which  had  been  kept  in 
a gla.ss  cell  with  distilled  water  for,  I think,  u})wards  of  three 
yeai's. 

The  names  of  the  objects  may  be  written  on  the  slides  with 
a writing  diamond,  or  on  labels  attached  to  the  slides.  The 


Fig.  59. 


most  convenient  labels  for  slides  are  the  small  ones  used  for 
ticketing  drapers  goods,  which  are  made  adliesive  at  the  back, 
like  postage  stamps  j these  labels  are  made  of  a variety  of  fancy 
patterns,  and  are  sold  by  2>arties  called  drapers'  stationers. 

Fig  58  represents  a convenient  case,  designed  by  Mr.  Highley, 
for  carrying  the  knives,  scissars,  whirling-table,  and  other  appa- 
ratus used  in  mounting  microscopic  objects;  and  Fig.  59  rejire- 
sents  a similar  case  for  holding  the  bottles  containing  Canada 
balsam  and  the  other  cements  used  in  mounting,  together  with 
a spirit-lamp  and  moitnting  plate. 
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CHAPTER  V. 

OEXERAL  RULES  FOR  THE  USE  OF  THE  MICROSCOPE,  AND  FOR 
THE  ARRANGEMENT  OF  THE  OBJECTS. 

One  of  the  principal  requisites  for  microscopical  investigation, 
besides  a good  instrument,  is  a proper  sujiply  of  light.  When 
the  position  and  natm-e  of  the  apartment  can  be  selected  at 
pleasure,  a room  should  be  chosen  having  windows  facing  the 
west  or  the  north ; or,  what  is  better,  a room  with  windows  to- 
wards both  those  qnartei*s  of  the  heavens.  The  windows  must 
be  as  high  as  possible,  since  the  light  received  from  the  horizon 
is  the  most  favoumble;  light  reflected  from  a white  wall,  or 
the  light  of  white  clouds,  is  very  advantageous.  The  light  of 
scudding  clouds  fatigues  the  eye  by  the  rapid  change  in  the 
intensity  of  the  light,  besides  rendering  necessary  a continual 
change  in  the  position  of  the  niiiTor.  No  ordinary  observation 
is  possible  in  direct  smr-light ; this  light  is,  in  the  first  place,  far 
too  dazzling  for  the  eye  to  beai’ ; and,  in  the  second  place,  it 
causes  appearances  which  give  rise  to  the  grossest  deceptions. 
In  working  with  the  microscojie  in  the  forenoon  and  in  the 
middle  of  the  day,  a room  lying  to  the  east  or  to  the  south 
must  therefore  be  avoided  : by  means  of  white  blinds,  or  cur- 
tains, the  inconvenience  may,  to  a certain  extent,  be  prevented. 

Any  person  who  has  regard  for  his  eyes  should  never  under- 
take microscopical  investigations  at  night ; it  is  true  that  many 
objects  ai’e  seen  veiy  beautifully  by  lamp-light,  but  this  light  is 
fai’  more  glai'ing  than  day-light.  When  the  light  is  made  to 
pass  tlu’ough  blue  glass  before  reaching  the  mirror,  it  bears  a 
greater  resemblance  to  day-light,  and  is  pleasanter  to  the  eye. 
A piece  of  white-ground  glass,  fastened  in  a wooden  frame,  and 
placed  before  the  lamp,  will  have  the  same  effect.  By  regula- 
ting the  light  of  the  lamp  in  this  manner,  objects  already  jjre- 
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pared  may  be  shewn  very  well  by  night,  but  it  is  hardly  pos- 
sible to  make  fine  prepai'ations  with  such  an  illumination  ; for 
exact  observation,  therefore,  the  day-time  only  must  be  selected. 
Tn  order  to  intercept  the  light  of  the  horizon  Ijy  means  of  the 
mirror,  the  latter  is  placed  at  least  three  feet  from  the  Avindow, 
the  microscope  is  turned  with  the  mirror  towards  the  light,  and 
the  whole  instrument,  but  especially  the  mirror,  is  placed  in 
ditferent  positions  whilst  the  obsei'A^er  looks  through  the  eye- 
glivss ; the  light  is,  in  fact,  sought  after  : when  the  field  of  Anew 
appears  clearest  and  brightest,  the  object  which  Ls  to  be  observed 
is  pushed  under  the  microscope. 

When  it  is  Avished  to  examine  opaque  objects  Avith  incident 
light,  the  microscope  may  often  be  adA^antageously  brought 
nearer  to  the  AvindoAv.  Since  for  this  kind  of  illumination  a 
much  larger  quantity  of  light  is  necessary,  direct  sun-light  is 
sometimes  desix’able ; in  the  absence  of  this,  the  condensing  lens 
is  used,  by  means  of  which  the  greatest  possible  quantity  of 
light  is  concentrated  upon  the  object.  In  this  kind  of  illumina- 
tion, the  access  of  light  from  beloAv,  Avhich  Avould  interfere  Avith 
the  observation,  is  prevented  by  closing  the  diaphragm.  For 
objects  Avhich  are  altogether  opaque,  a back-gix)xind  which  is 
Avhite,  but  not  glittering,  is  often  advantageous. 

The  table  at  Avhich  microscopical  observations  are  undertaken 
must  be  sufficiently  hu’ge,  and  very  firm ; it  must  be  so  an-anged 
that  all  the  apparatus  Avhich  is  ever  Avanted  shall  be  at  hand. 
Much  time  is  spared  by  attention  to  this,  and  in  microscopical 
investigations  time  passes  only  too  quickly ; moreoAnr,  in  a 
very  confined  space  it  is  impossible  to  make  effectual  prepara- 
tions Avdth  the  simple  microscope.  As  the  chemist  reqxiires  a 
sjxecial  laboratoiy  for  accm-ate  inquiides,  so  the  microscopical 
obseiwer  must  at  least  po.ssess  a priAnte  work-table,  wliich  must 
be  used  for  no  other  purpose.  Eoomy  cupboards  for  containing 
the  different  ajxparatus  are  very  desirable  additions  to  this 
table.  Every  object  intended  for  investigation  should  be 
examined  in  the  fix-st  instaxxce  Avith  a low  magnifying  poAver 
siixce  by  that  meaxxs  a far  lax’ger  pxxdioxx  of  the  object  is  seeix, 
and  thxxs  a better  inxpx'essioxx  Avith  regax-d  to  the  whole  is  ob- 
taixxed.  Shoxxld  the  light  be  too  stx’oxig,  the  plaxxe  ixxirx’or  ixxay 
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be  used  instead  of  the  concave  one.  When  the  obsex’ver  has 
gained  as  much  information  as  he  can  with  the  low-magnifjong 
power,  for  instance,  one  of  fifty  diameters,  or,  in  some  cases, 
even  a less  magnifying  power,  the  object-glass  is  changed  for  a 
more  powei'ful  one.  When  the  most  powerful  object-glass  has 
been  used,  and  a still  stronger  magnifying  power  is  found  de- 
.sirable,  then  a stronger  eye-glass  is  taken.  As  a general  rule, 
the  eye-glass  of  lowest  power  should  be  used,  and,  if  necessary, 
the  magnifying  power  should  be  increased  by  passing  from  the 
object-glasses  of  lower  jxower  to  those  of  higher  power ; but, 
nevertheless,  for  seeing  with  convenience,  and  especially  for 
drawing,  the  use  of  a jxowerful  eye-glass  is  often  not  without 
advantage.  As  long  as  the  magnifying  power  can  be  increased 
by  means  of  "an  object-glass,  recoui-se  should  never  be  had  to  the 
eye-glass,  since  both  the  light  and  the  shar^xness  of  outline  of  the 
image  are  necessarily  diminished  by  the  use  of  a powerful  eye- 
glass, which  is  not  the  case  in  using  a more  powerful  object-glass. 

In  some  cases,  it  is  a good  plan  to  shade  with  the  left  hand, 
the  eye  which  looks  into  the  microscope. 

When  an  object  is  thin  enough  to  be  seen  with  transmitted 
light,  it  is  first  illuminated  vfith  light  tx’ansmitted  dii-ectly,  and  it 
is  examined  with  different,  and  gradually  increasing,  maguify- 
ing  powers  ; should  any  details  of  the  image  remain  undefined, 
obliquely  transmitted  light  is  used,  which  is  insinuated  into  all 
the  different  corners  of  the  object.  In  some  microscopes  this  is 
attained  by  tinning  the  stage  round  its  axis  ; where  this  arrange- 
ment is  wanting,  the  position  of  the  object  must  be  changed  by 
moving  it  with  the  hand.  Lines  produced  by  elevations  or  de- 
pressions of  the  surface,  or  by  want  of  uniformity  in  the  tliickness 
of  the  object,  or  by  unequal  refraction,  always  stand  out  most 
clearly  when  oblique  light  falls  upon  them  at  a right  angle : where, 
therefore,  a line  is  suspected  to  exist,  or  is  only  dimly  seen,  parti- 
cular attention  must  be  paid  to  tins  circumstance.  In  submitting 
objects  to  incident  light,  the  same  ride  generally  holds  good, 
and  particidar  cai*e  must  be  taken,  by  turning  either  the  stsige 
or  the  object  itself,  to  concentrate  the  light  in  all  possible 
directions  ujxon  the  object.  Object-glasses  of  very  high  power 
cannot  be  used  ivith  incident  light,  inasmuch  as  the  shortness  of 
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their  focal  length  prevents  the  light  from  falling  on  the  object ; 
in  this  case  recourse  must  be  had  to  less  powerful  object-glasses, 
and  more  powerful  eye-glasses.  As  a general  rule,  low-magnify- 
powers  are  sufficient  when  incident  light  is  used. 

In  most  instances,  objects  are  examined  under  water  : it  is 
but  seldom,  as,  for  instance,  in  examing  pollen  or  spores,  that  it 
is  necessary  to  observe  them  in  ditferent  media,  and  also  when 
dry.  In  the  case  of  incident  light,  water  often  operates  in- 
juriously, especially  when  the  object  is  not  quite  covered  by  it : 
it  is  therefore  advisable,  for  certain  particidar  objects,  as,  for 
instance,  the  embiyos  of  grasses,  to  observe  them  first  without 
water,  and  afterwards  under  water  ; by  placing  them  under  a 
cover,  and  adding  water  with  a camel’s-hair  brush,  the  object  is 
generally  sufficiently  and  fully  immersed.  When  the  object  is 
thick,  a slide  ^vith  a de])ressiou  hollowed  out  in  the  middle  of 
it,  may  be  advantageously  employed.  When  low-magnifying 
powers  are  used,  it  is  not  necessary  that  the  objects  slioidd  be 
placed  under  a glass  cover;  in  fact,  in  many  cases  where  it  is 
wished  to  have  the  power  of  turning  the  object  romid,  or  when 
it  is  thought  that  tlie  object  may  be  improved  by  any  additional 
cutting  or  preparation,  it  is  very  advantageous  not  to  cover  it ; 
when  object-glasses  of  very  high  power  are  used,  the  focal  dis- 
tance is  so  short,  that  in  order  to  prevent  striking  the  lens 
against  the  object,  or  dipping  it  in  the  fluid  upon  the  object- 
plate,  it  is  necessary  to  make  iise  of  glass  covers.  When  these 
are  used,  the  fluid  in  which  the  object  lies  frequently  becomes 
lessened  by  evaporation  dming  the  observation,  in  which  case 
a fresh  drop  is  added  at  the  edge  of  the  glass  cover  by  means  of 
a glass  rod,  or  a clean  camel’s-hau*  brush,  which  may  be  iised 
when  it  is  wished  to  add  a solution  of  iodine,  or  of  chloride  of 
zinc  and  iodine,  to  objects  which  are  already  immersed  in  water. 

When  any  chemical  re-agents  are  used,  whether  iodine,  caus- 
tic potash  or  any  acid,  the  object  should  always  be  covered  mth 
a thin  plate  of  glass  ; in  using  volatile  acids,  such  as  nitric  acid 
and  hydrochloric  acid,  too  much  care  cannot  be  taken.  I avoid 
using  them  whenever  I possibly  can.  The  vapour  of  sulphur- 
etted hytb-ogen  has  a vexy  injurious  effect  upon  flixit-glass,  which 
is  used  by  some  opticians  for  the  under  side  of  the  object-gla.ss. 
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The  microscope  must  be  cai’efully  protected  against  gases  of 
this  kiud,  and  even  against  chloi'ine  and  such  like  gaseous  mat- 
ter, on  which  account,  as  I have  observed  before,  Schultz’s 
method  of  boiling  the  objects  with  chlorate  of  potash  and  nitric 
acid,  must  not  be  imdertaken  in  the  room  where  the  microscope 
is  kept. 

Wlien  the  microscope  is  in  daily  use,  it  is  a good  plan  to  keep 
it  under  a glass  sliade.  When  the  day’s  work  is  over,  it  is  ne- 
cessary to  examine  the  object-glasses  carefully  with  a magnify- 
ing-glass, for  it  often  happens,  even  to  a practised  observer,  to 
dip  his  object-glass  in  the  fluid  upon  the  slide,  or  to  dirty  it  in 
some  other  way ; if  the  glass  be  only  wetted  with  water,  it  is 
of  no  importance  ; the  consecpiences,  liowever,  may  be  more 
serious  if  the  water  is  })ermitted  to  dry  upon  the  lens,  especially 
when  the  water  is  impregnated  with  muriate  of  lime,  inasmuch 
as  after  the  evaporation  of  the  water,  the  lime  may  stick  hist  to 
the  glass,  and  give  rise  to  little  scratches  in  the  process  of  clean- 
ing. When  the  object-glass  has  become  dusty,  or  cb mined  by 
atmospheric  deposits,  it  may  be  cleaned  with  dry  elder  jiith,  care 
being  taken  to  cut  off  with  a clean  razor  tlie  surface  of  the  pith 
which  has  once  been  used,  and  thus  to  olitain  a new  surface  for 
the  further  process  ; the  particles  of  the  elder  pitli  are  after- 
wards removed  with  a clean  camel’s-hair  brush.  If  the  glass 
has  become  wet,  it  is  first  carefully  dried  with  a clean  linen 
cloth  which  has  been  previously  washed — cambric  or  muslin  is 
the  best ; and  afterwards  the  elder  ])ith  is  used.  If  the  glass  is 
soiled  by  any  acid,  or  any  other  biting  fluid,  it  should  be  rinsed 
frequently  with  distilled  water  passed  through  a syringe,  and 
then  dried  and  cleaned  in  the  manner  above  mentioned.  The 
eye-glasses  and  the  mirror  are  best  cleaned  with  fine  cambric, 
and  also  ivith  elder  jhth.  Alcohol  and  ether  should  never  be 
used  for  cleaning  the  object-glasses,  or  at  least  only  with  gi-eat 
aare,  since  these  fluids  easily  penetrate  between  the  fiistening  of 
the  lenses,  and  may  reach  the  cement  which  unites  the  crown- 
glass  to  the  flint-glass.  A lens  which  has  been  spoilt  in  this 
manner  can  only  be  rendered  fit  for  use  by  a practised  optician, 
who  can  take  it  to  ]>ieces  and  put  it  together  again. 

The  greatest  cleanliness  and  accm-acy  are  indispensable  for 
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microscopical  investigations  ; it  must  be  laifl  down  as  a nile, 
always  to  use  tlie  cleanest  water,  in  the  cleanest  vessels,  for 
moistening  the  slides.  Even  with  this  precaution  it  is  impos- 
sible entirely  to  protect  the  object  from  becoming  soiled  with 
particles  of  dust.  Extraneous  things  of  this  kind  will  not  easily 
deceive  a practised  obseiwer  ; a beginner,  however,  may  be  easily 
misled  l?y  them.  Water  which  has  been  left  standing  shoidd 
never  be  used,  since  it  too  frequently  contains  the  inferior  sorts 
of  animals  and  plants  ; and  when  difierent  objects  are  examined 
one  after  another,  fresh  water  should  be  taken  for  every  new 
object,  in  order  that  no  pai-ticles  of  the  objects  which  have  been 
previously  examined,  may  be  mixed  with  the  water  upon  the 
slide.  Many  errors  may  be  traced  to  a neglect  of  small  pre- 
cautions of  this  sort. 

Seeing,  as  Schleiden  very  jvistly  observes,  is  a difficult  art; 
seeing  with  the  microscope  is  yet  more  difficult,  as  our  eyes 
are  deprived  of  all  assistance  from  the  siu-rounding  unmagni- 
fied objects,  and  consequently  any  comparison  with  them  is 
impossible.  This  is  a fact  which  we  must  not  only  be  awai’e  of, 
but  must  constantly  bear  in  mind.  In  mici’oscojjic  obsei'vation 
two  things  must  be  remembered  : 1st.,  That  in  the  microscope, 
especially  with  high  powers,  we  see  surfaces  not  bodies.  It  fre- 
quently happens  that  in  looking  upon  surfaces,  we  get  a glance 
into  the  depths  of  transparent  objects  by  changing  the  adjust- 
ment, without  altering  the  position  of  the  object ; it  more  often 
happens,  however,  that  in  looking  iipon  such  objects,  we  are 
imable  to  make  them  out  to  be  bodies  until  we  have  changed 
tlieir  position,  and  ascertained  their  dimensions  in  three  different 
directions ; this,  in  many  cases,  from  the  natme  of  the  object 
itself,  is  a matter  of  great  difficulty.  2nd.,  That  we  seldom  see 
the  objects  under  the  microscope  in  their  natural  condition ; 
that  we  consequently  must  take  into  consideration  the  changes 
which  we  ourselves  partly  produce,  either  by  the  medium  in 
which  the  object  is  placed,  or  l^y  the  use  of  the  knife,  or  other 
influences.  Long  and  thorough  practice  with  the  microscope 
secures  the  observer  from  deceptions  which  arise,  not  fi’om  any 
fault  in  the  instrument,  but  from  a want  of  acquaintance  with 
the  microscope,  and  from  a foi’getfulness  of  the  wide  difference 
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between  common  vision  and  vision  through  a microscope.  De- 
ceptions also  arise  from  a neglect  to  distinguish  between  the 
natural  apjiearance  of  the  ol)ject  under  observation  and  that 
which  it  assumes  under  the  microscope. 

In  order  to  be  able  to  recognise  exti-aneous  objects  as  such,  it 
is  advisable  to  gain  an  acquaintance  with  those  things  which, 
notwithstanding  all  precautions,  cannot  always  be  avoided.  To 
tliis  class  of  things  belong,  1st.,  Air-buljbles,  which,  with  trans- 
mitted light,  generally  apj)ear  in  the  fonn  of  circles  of  larger  or 
smaller  diameter,  with  a dark,  black-looking  rim  ; with  incident 
light,  on  the  contrary,  their  rim  a})]jears  of  a white  colour. 
When  the  object  is  under  a glass  cover,  and  in  contiict  with  it, 
the  larger  air-bubbles  frequently  assume  a very  irregular  shape  ; 
the  above-mentioned  optical  fact  is  generally,  however,  by  far 
the  best  proof  of  the  presence  of  air,  and  by  it  the  presence  of 
air  may  be  detected  both  in  and  between  tlie  cells  of  ])lmits. 
2ndly.,  Colourless,  or  coloured  fibres  of  paper,  or  of  linen,  wool- 
len or  silk  textures,  left  behind  upon  the  object-glasses,  from  the 
cloths  with  which  they  have  been  cleaned,  and  also  the  haii’s 
which  have  been  detached  from  the  brush.  3rdly.,  Granular 
pai-ticles  of  dust,  of  irregidar  shape,  which  are  frequently 
coloiu'ed,  and  are  probably  produced  by  the  decay  of  organized 
bodies. 

If  it  is  wished  to  examine  plants  or  parts  of  i)lants,  which 
grow  either  in  or  upon  the  earth,  or  in  water,  great  atten- 
tion must  be  paid  to  the  inany  organized  bodies  whicli  are 
likely  to  be  met  with  ; pains  must  be  taken,  by  careful  observa- 
tion, to  become  acquainted  ^vdtl^  the  lower  fonns  of  animals  and 
plants  : it  is  necessary,  for  instance,  to  be  able  to  distinguish 
the  common  forms  of  infusoria,  both  those  which  are  j)roA'ided 
with  siliceous  coatings,  and  those  that  are  not ; also  with  the 
yeast  plant,  tlie  different  forms  of  moidd,  the  Oscillatorise,  and 
such  like  things,  in  order  to  be  able  to  separate  them  from  the 
particular  object  under  consideration. 

Tlie  epithelial  cells  of  the  mucous  membrane  of  the  mouth 
are  also  objects  which  may  deceive  the  obseiwer.  They  occur 
when  the  brush  is  drawn  through  the  mouth  prertously  to 
bi’inging  an  oliject  upon  the  object-plate.  It  is  advisable  never 


THE  MICROSCOPR 


59 


to  pass  the  brush  through  the  mouth.  When  in  cutting  small 
objects,  the  latter  are  held  between  the  thumb  and  forefinger, 
or  upon  the  forefinger  alone,  it  often  happens  that  small  frag- 
ments of  the  skin  of  the  finger  are  cut  off  at  the  same  time. 
The  observer  must  leani  to  distinguish  these  fragments,  as  well 
as  the  small  pieces  of  cork  which  he  will  meet  with  in  sections 
made  between  that  substance. 

The  knife  sometimes  causes  deceptions  of  another  kind, 
when,  owing  to  its  not  being  sufficiently  sharp,  sti'eaks  are  left 
upon  the  surface  which  has  been  cut.  In  hard  woods,  such  as 
the  wood  of  palms  and  of  tree  ferns,  and  in  very  thick  albumen, 
such  as  that  of  Phytelephas  macrocarpa,  this  appearance  may 
frecpiently  be  observed.  The  streaks,  therefore,  must  not  be 
taken  to  be  anything  belonging  to  the  object,  such,  for  instance, 
as  a layer  in  the  thickening  substance.  The  observer  will  soon 
ascertain  what  the  streaks  are,  if  he  notice  accm-ately  the  di- 
rection which  the  knife  followed. 

A]ipearances  of  motion,  either  xisual  or  accidental,  may  also 
give  rise  to  mistakes,  and  these  must,  thei’efore,  be  learnt.  IM  ole- 
cular  motion  is  peculiar  to  all  veiy  small  bodies,  contained  in  a 
thin  fliud  medium ; it  consists  of  a somewhat  trembling  motion, 
of  these  small  bodies;  it  is  frequently  seen  in  the  interior  of 
pollen  grains;  it  may  be  observed  still  better  in  certain  fluids, 
for  instance,  milk,  when  a small  quantity  is  mixed  with  water, 
and  placed  under  the  microscope,  with  a magnifying  power  of 
from  200  to  400  diameters.  When  acquaintance  is  once  made 
with  this  phenomenon  no  fuidher  deceikion  can  be  caused  by 
it.  The  same  I'esult  follows  from  accidental  currents  upon  the 
object-plate,  which  may  take  place  either  by  evaporation,  or  by 
the  mingling  of  two  fluids  of  unequal  specific  gravity,  or  by  the 
dissolving  of  any  salt  existing  in  the  fluid.  When  bodies  of 
small  size,  and  especially  ro\md  bodies,  are  examined  at  the 
same  time  as  objects  of  greater  thickness,  for  instance,  when 
the  spores  and  elatcrs  of  Liver-worts  are  examined  at  the  same 
time  as  the  valves  of  the  capsules,  upon  the  same  slide,  and 
under  the  same  glass  cover,  the  former  frequently  swim  about 
at  first  in  the  water,  and  care  miist  be  taken  not  to  lie  deceived 
by  them.  This  motion  disai^pears  as  soon  as  the  fliud  comes  to 
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rest.  The  vibration  of  the  threads  of  Oscillatoria  is,  on  the 
other  hand,  a real  motion  peculiar  to  the  plant,  although  it  has 
not  yet  been  explained  ; the  same  is  the  case  with  the  rapid  and 
apparently  involuntary  movements  of  the  phytozoa  of  rif)C 
Antheridia,  and  also  with  the  ciliated  si>ores  of  Alg£e.  More- 
over, the  flowing  of  the  juices  of  the  cell  in  the  cell  itself,  is  par- 
ticulaily  interesting,  the  details  of  which  will  be  given  hereafter. 

The  “ Mouches  volantes  ” belong  to  that  class  of  deceptions 
which  originate  in  the  eye  itself ; they  are  of  two  kinds  : 1st., 
A slimy  secretion  from  the  IMeibomian  glands;  in  which  case 
they  pass  over  the  field  of  \’iew  of  the  eye,  and  are  more  fre- 
(pient  in  the  case  of  persons  who  are  not  in  the  habit  of  using 
the  microscope.*  2ndly.,  The  shadows  of  the  ramifications  of 
the  blood-vessels  in  a particular  part  of  the  eye ; since  these 
ramifications  are  always  in  the  same  position,  it  follows  that  the 
form  of  this  phenomenon  is  always  the  same.  It  is  seeu  not 
only  when  the  Microscope  is  used,  but  also  (and  sometimes  more 
distinctly)  when  the  eye  rests  upon  a snow-flake  or  a white 
cloud.  This  appearance  is  not  confined  to  one  eye.  If  it  should 
be  of  such  a nature  as  to  cause  annoyance,  it  may  be  inferred 
that  the  eye  is  in  an  irritable  condition.  There  is  another  ap- 
pearance caused  by  using  too  brilliant  a light;  it  manifests  it- 
self when  the  direct  light  of  the  sun,  or  the  unsubdued  light  of 
a lamp  or  wax-candle  is  employed ; it  consists  of  spots  of  dif- 
ferent magnitude  irregularly  scattered  over  the  field  of  view, 
which  are  hardly  \isible  in  coiiimon  day-light ; if  the  eye-gla.ss 
is  tiu'ned  round,  they  turn  with  it,  and  if  the  latter  is  carefully 
cleaned,  they  become  less;  tliey  are  caused  by  dirt  upon  the 
glasses,  which  in  very  bright  light  takes  the  form  of  spots. 

Observations  are  made  less  frequently  with  incident  than 
with  transmitted  light,  but  since  the  hitter  CiUi  only  be  used 
for  very  thin  objects,  the  priucijial  point  to  be  attended  to  ui 
dealing  with  opaque  objects,  is  to  make  such  an  arrangement 
of  them,  as  to  enable  the  observer  clearly  to  make  out  their 
details.  The  manner  in  which  the  object  is  divided  must  bo 


* It  is  not  generally  admitted  that  Jf)(sc(V  voUtantes  arc  caused  by  a 
secretion  from  the  Meibomian  glands. — Tu. 
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regulated  and  altered  according  to  tlic  natm-e  of  tlie  object  itself, 
and  the  information  which  it  is  wished,  by  the  help  of  the 
microscope,  to  obtain  respecting  it.  Firm  homogeneous  tex- 
tures, such  as  wood,  must  be  treated  cpiite  differently  from 
delicate  objects  composed  of  different  organs,  such  as  buds  and 
blossoms ; in  the  case  of  wood,  it  is  sufficient  to  take  as  thin  a 
slice  as  possible,  cut  in  a certain  fixed  direction ; in  the  case  of 
buds  and  blossoms,  attention  must  be  paid  not  only  to  the 
direction,  but  also,  particularly,  to  the  point  at  which  the  sec- 
tion is  made  ; it  is  necessary  to  exhibit  an  accimate  longitudinal 
section  through  the  middle  of  the  whole  bud  or  blossom,  and  an 
equally  accurate  transverse  section  made  at  different  heights,  in 
order  to  ascertain  the  arrangement  of  the  organs  "svith  resjrect 
to  one  another ; moreover,  the  different  pax’ts  of  the  ox'gans 
must  be  separated  and  examined  by  themselves ; in  cases  like 
this,  and  especially  in  inquiries  connected  ^vith  the  developement 
of  plants,  a dissecting  microscope  is  necessary. 

In  order  to  insure  success,  the  kind  of  knife  v/hich  is  used 
must  be  suitable  to  the  object  under  examination.  For  wood 
and  hard  objects,  the  best  thing  to  use  is  a good  flat-sided  razor, 
with  a broad  back.  Before  cutting,  the  siu'face  to  be  operated 
upon  should  be  moistened  each  time  with  a little  water ; the 
upper  surface  in  the  first  instance  should  be  carefully  made 
smooth  with  another  knife,  which  may  be  of  inferior  quality, 
and  the  section  should  then  be  made  by  laying  the  razor  quite 
flat,  and  drawing  it  slowly  and  steadily  towards  the  person  of 
the  operator,  without  removing  it  from  the  surfixee.  After 
every  second,  or  (at  the  most)  every  third  cut,  the  knife  must 
be  passed  over  the  razor-strop.  The  thin  slices  thus  obtained 
must  be  taken  up  with  a camel’s-hair  brush  which  has  been 
previously  dipped  in  clean  water,  and  placed  in  a drop  of  water 
kept  ready  upon  the  slide.  For  delicate  or  succident  object.s, 
razors  with  concave-sided  blades  ai’e  much  more  advantageous ; 
it  is  unnecessary  to  moisten  the  surface  of  succulent  objects 
prior  to  cutting  them ; in  other  respects  they  are  treated  ac- 
cording to  the  directions  given  above.  The  brush  with  which 
the  objects  are  brought  upon  the  slide  must  never  be  drawn 
thi’ough  the  mouth,  as  othel■^vise  the  object  wfill  be  soiled  by  the 
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epithelial  cells  of  the  mucous  membrane  of  the  mouth.  Lai’ge 
sections  will  seldom  turn  out  ecpially  perfect  throughout  their 
whole  extent.  The  edges  of  such  sections  are  generally  the 
most  perfect ; the  size  of  the  sections  is  of  much  less  importance 
than  the  delicacy  with  which  they  are  made,  and  the  perfect 
preservation  of  their  cells. 

The  want  of  homogeneity  in  the  natm'e  of  the  texture  of 
some  objects,  fi-ecpiently  gives  rise  to  difficulties  far  greater 
than  those  which,  in  other  objects,  are  caused  by  their  minute- 
ness ; when,  for  instance,  it  is  ^vished  to  obtain  complete  and 
delicate  sections,  both  transvei’se  and  longitudinal,  tlu’oxigh  the 
bark,  cambium  layer,  wood  and  jiith  of  a dicotyledonous  stem, 
it  is  impossible  to  make  such  sections  at  one  trial,  because  it 
Avill  be  found  that  at  the  jioints  of  junction  of  the  different  tis- 
sues a separation  (usually  caused  by  the  knife)  will  take  place 
between  the  adjoining  tissues ; it  will  be  necessary  in  such  a 
case  to  make  many  sections,  and  to  choose  those  wliich  are  most 
perfect.  The  sharpest  possible  knife,  and  slowness  and  steadi- 
ness in  making  the  section,  are  here  especially  requisite.  As  a 
genei'al  rule,  it  is  the  best  plan  to  pass  from  the  hard  to  the 
delicate  portions ; a section  will  sometimes  be  succes.sful  if  the 
knife  is  placed  simultaneously  upon  the  different  parts,  and  in 
a direction  somewhat  oblique  to  that  of  the  wood-cells,  or 
transverse  to  the  coiu-se  of  the  medullary  rays.  In  this,  fis  in 
many  other  cases,  no  fixed  rule  can  be  laid  down,  the  observer 
must  make  experiments  for  himself,  and  sha])e  his  coimse  ac- 
cording to  the  nature  of  the  object.  The  surface  from  which 
the  section  is  to  be  taken  must  be  kept  moistened  with  water. 

Succulent  or  spongy  tissues  have  generally  large  cells;  it  is 
not  necessary,  therefore,  to  have  thin  sections  of  such  tissues, 
which  are  always  diflicult  to  make.  Delicate  animal  tissues 
may  advantageously  bo  placed  in  spirit  or  pyroligneous  acid 
for  some  days,  pi'ovided  it  is  not  necessary  that  the  tissues 
should  be  examined  whilst  fresh ; but  I have  found  that  there 
is  little  adA^autage  to  bo  derived  from  treating  botanical  objects 
in  that  manner.  It  is  a good  plan,  however,  in  many  cases,  to 
sat\;rate  delicate  portions  of  animals  and  A’egetables  with  thick 
giuu-mucilage,  and  to  let  them  diy  sloAvly  in  the  am. 
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In  dissecting,  different  methods  must  he  adopted,  according 
to  the  magnitude  of  the  different  objects ; objects  of  large  size 
may  be  held  with  the  left  hand,  or  with  the  thumb  and  fore- 
finger of  that  hand ; very  small,  or  very  thin  objects,  such  as 
the  stems  of  mosses,  thin  twigs  and  roots,  leaves,  small  seeds, 
and  such  like  things,  may  be  placed  between  cork  in  the  sec- 
tion instrument.  Small  and  veiy  delicate  portions  of  objects, 
which  will  not  bear  the  pressure  of  the  cork,  may  be  laid 
lengthways  between  the  thumb  and  forefinger,  without  press- 
ing them,  attention  being  paid  to  the  position  in  which  they 
are  placed.  This  method  is  very  useful  when  it  is  wished  to 
divide  a small  object  into  two  equal  parts  ; for  instance,  in 
holding  an  ovule,  it  is  often  the  best  plan  to  place  it  upon  the 
forefinger,  and  only  to  use  the  th\imb  for  the  purpose  of  pre- 
venting it  from  slipping  out  of  its  place.  It  is  often  advanta- 
geous to  moisten  the  finger  a little,  as  the  object  [then  less 
easily  slips  about.  In  cases  like  this,  the  section  is  made  very 
slowly  and  steadily,  the  left  arm  being  firmly  supported  by  the 
table.  Sections  of  small  objects  thus  obtained  are  examined 
first  without  a glass  covex',  and  with  a suitable  magnifying 
powei'.  It  is  often  desii-able  that  the  object  shoxdd  be  tm-ned 
over,  especially  when  it  is  wished  to  improve  it  by  taking  a 
fm-ther  slice  fi-om  it ; the  side  from  which  the  fresh  slice  is  to 
be  taken  must  be  carefully  examined,  as  well  as  the  particular 
spot  at  which  it  is  to  be  made.  Yexy  small  objects  may  be  laid 
again  upon  the  fox’efinger  of  the  left  hand,  in  the  manner  above 
described,  and  a fresh  cut  attempted,  which,  although  not 
always,  is  fi’equently  successful.  Before  cutting,  the  magnify- 
ing-glass shoixld  be  employed,  in  order  to  satisfy  the  opei’ator 
that  the  object  is  in  a proper  position  for  making  the  intended 
cut.  If,  when  the  section  is  sufficiently  thin,  there  still  remain 
poidions  the  removal  of  which  is  desirable  for  determining  the 
question  at  issue,  the  object  should  be  placed  vmder  a dissecting 
mici’oscope,  and  the  objectionable  pai'ts  removed,  if  possible,  by 
the  help  of  a needle  or  a fine-bladed  knife. 

For  veiy  small  seeds,  pollen-grains,  aixd  spores,  I recommend 
the  follo^ving  pi-ocess  by  which  beautiful  sections  may  frequently 
be  obtained.  A smooth  coi’k  is  smeared  over  with  thick  gum- 
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mucilage,  and  the  seed.s  or  other  small  objects  are  scattered  over 
it  and  gently  pressed  into  it  by  the  finger.  The  mucilage  is 
then  j^ormitted  to  diy  slowly,  and  when  dry  the  surface  of  it 
is  smeared  over  with  similar  mucilage,  so  that  the  small  objects 
ai'e  completely  covei-ed.  In  a day  or  twp  the  second  coating  of 
mucilage  will  also  have  become  dry.  Very  delicate  sections  of 
the  dried  mucilage  may  then  be  made  vuth  a hollow-sided 
razor,  and  these  sections  should  be  brought  under  the  micro- 
scope in  a drop  of  water,  by  v/hich  the  mucilage  is  almost  im- 
mediately dissolved.  Amo)igst  the  mai^y  objects  which  will 
thus  be  di  vided,  some  sufficiently  perfect  sections  are  sm-e  to  be 
found.  I have  examined  in  this  way  the  veiy  small  seeds  of 
Ox’obanche  as  well  as  many  different  sorts  of  pollen-gimns. 

Observations  are  sometimes  cUsagi'eeably  impeded  by  the 
presence  of  am,  which  becomes  accumulated  in  the  haiiy  parts 
of  plants,  in  the  intercellular  canals,  in  the  vessels,  and  in  wood; 
it  is  best  removed  by  placing  the  object  for  a few  minutes  in  a 
small  watch-glass  filled  with  alcohol ; when  taken  out  of  the 
alcohol  it  must  be  put  into  water,  and  then  transfeiTcd  to  the 
slide ; when  it  is  ^vished  to  examine  the  cell-contents,  in  which 
changes  are  generally  produced  by  the  ojieration  of  alcohol,  the 
removal  of  the  aii*  may  be  advantageously  eflected  by  the  use 
of  the  compressorium,  which  is  permitted  to  operate  con- 
tinuously upon  the  object,  whilst  the  observer  looks  into  the 
microscope.  In  the  absence  of  a compressorium,  the  handle 
of  a scalpel  may  be  lightly  pressed  agixinst  the  glass-cover.  I 
woidd  mention,  as  an  example,  the  ovules  of  orchideous  plants, 
vdiich  are  only  fitted  for  observation  when  the  air  has  been 
removed  from  between  the  integuments  and  the  nucleus  of  the 
ovule. 

For  transfci’ring  objects  from  one  fluid  into  another  a veiy 
fine  camel’s-hair  brush  should  be  employed  ; needles  and  other 
sliai'})  instruments  should  never  bo  used  for  this  purpose,  since 
the  object  may  be  easily  injured  by  them.  When  the  object  is 
very  small,  it  will  be  moi-e  e:isily  foxuid  if  the  watch-glass  is 
placed  upon  a dark  Ixack-ground. 

For  taking  u]i  very  small  objects  the  fishing  tubes  mentioned 
in  a previous  chapter  may  be  used.  The  upper  end  of  the  tube 
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is  closed  by  placing  tbe  forefinger,  previously  moistened,  ovei‘ 
it;  the  tube  is  then  brought  near  the  object,  and  upon  removing 
the  finger,  water  will  pass  into  the  tube,  and  the  object  will  be 
carried  into  the  tube  with  the  water.  The  object  being  then 
brought  over  the  slide  upon  which  it  is  to  be  placed,  may  be 
gently  blown  out  of  the  tube  on  to  the  slide. 

The  microscope  only  afibrds  a view  of  one  surface  of  an 
object ; when,  therefore,  bodies  are  subjected  to  examination,  it 
is  not  sufficient  for  a correct  rmderstanding  of  them  to  examine 
one  side  only ; a transverse  section  and  a longitudinal  section, 
and,  in  fact,  frequently,  many  longitudinal  sections  in  different 
determinate  directions,  must  be  carefully  examined  and  com- 
pared with  one  another  before  the  observer  can  be  satisfied 
that  he  has  made  out  the  construction  of  the  body  under  ob- 
servation. That  which  in  objects  of  large  size  is  attained  by 
the  help  of  the  knife,  is  effected,  in  the  case  of  veiy  small 
opaque  objects,  by  examining  them  on  different  sides.  In  ex- 
amining small  bodies  which  are  very  transparent,  as,  for  in- 
stance, the  ovules  of  Orchideje,  or  grains  of  pollen  or  starch,  the 
adjustment  of  the  microscope  is  varied  from  time  to  time,  by 
which  means  the  upper  side  of  the  object  is  first  brought  into 
focus,  then  the  middle  (which  may  be  called  an  optical  section, 
transverse  or  longitudinal,  as  the  case  may  be),  and,  lastly,  the 
imder-side.  The  more  perfect  the  object-glass  the  more  exact 
is  the  focal  jdane,  and  the  more  sensitive  is  the  instrument  to 
any  small  alteration  of  focus,  on  which  accoimt  the  observer 
should  always  keep  his  hand  upon  the  fine-adjustment  screw 
whilst  he  is  employed  upon  observations  requiring  much  ac- 
curacy. The  sensitiveness  above  mentioned  increases,  in  good 
instruments,  in  proportion  to  the  magnifying  power.*  By  a 
careful  adjustment  it  is  often  possible  to  examine  an  imper- 
fectly-prepared object,  as,  for  instance,  a section  which  is  not 
sufficiently  thin,  the  altex’ation  of  adjustment  being  rendered 
necessaiy  by  the  fact,  that  in  a well-illuminated  and  perfect 
microscope  the  eye  cannot  perceive  anything  which  lies  above 
or  below  the  focal  plane. 


* It  increa.ses  also  with  the  angle  of  aperture  of  the  object-glass. — Tr. 
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The  accurate  adjustmeut  of  an  object  is  judged  of  by  the 
sharpness  of  delineation  of  the  image.  The  adjustment  is  more 
accurate  in  2>i’oportion  to  the  delicacy  and  sharpness  of  the 
lines  seen  upon  small  objects,  and  also  in  proportion  to  the 
fineness  and  clearness  of  the  outline,  wdiich  should  be  soft,  but 
well  defined.  The  Navicula  Hippocampus,  and  the  scales  of 
llipparchia  Janira,  are  veiy  well  adapted  for  enabling  a ]:>erson 
to  judge  of  the  accuracy  of  an  adjustment;  the  smallest  change 
of  focus  causes  the  transverse  strias  to  disappear;  I recommend, 
therefore,  a careful  study  of  these  test-objects,  in  order  that  the 
observer  may  obtain  accurate  ideas  Ijoth  of  correct  illumina- 
tion and  of  exact  adjustment;  any  person  who  can  accurately 
arrange  his  illumination  and  adjustment  for  these  scales  will 
find  no  difficulty  in  any  other  case. 

In  examining  small  round  bodies,  such  as  pollen-grains,  the 
position  of  the  objects  should  be  changed,  by  gently  pushing 
the  glass  cover  so  as  to  cause  the  bodies  to  roll  about;  by  this 
means  different  sides  of  the  oljects  are  seen,  and  from  the  dif- 
ferent images  jorcsented  to  the  eye  their  true  form  is  made  out. 

Small  objects  should  never  be  compressed  between  two  glass 
slides,  that  being  too  rough  a method  of  proceeding;  if,  how- 
ever, it  is  su})posed  that  anything  is  to  be  gained  by  compres- 
sion, then  it  is  advisable  to  use  the  compressorium.  "Wdien  the 
compressorium  is  caiitiously  used,  the  observer,  by  carefully 
watching  what  takes  })lace,  can  gain  a knowledge  of  the  changes 
})roduced  by  pressure  during  the  time  the  compres.soriuin  is 
permitted  to  work.  In  certain  cases,  where,  for  instance,  the 
question  is,  whether  a particular  object  is  a delicate  cell  or  a 
droji  of  some  fluid,  the  com})ressorium  may  be  of  seiwice;  since, 
if  a cellular  membrane  be  ju'esent,  it  will  biu’st  and  discharge 
its  contents  as  the  pressure  is  increased,  whereas  the  drop, 
whether  it  be  oil,  liquid  resin,  or  any  other  chemical  subskmce 
u])on  the  slide,  will  only  change  its  form. 

In  examining  any  object,  whether  animal  or  vegetable,  it  is 
}iot  sufficient  to  observe  the  natiire,  form,  and  arrangement  of 
the  cells;  it  is  necessary  also  to  pay  attention  to  their  contents, 
which,  in  tlie  c:\sc  of  ]dants,  are  different  according  to  the 
functions  assigned  to  them  by  natiire.  It  is  necessaiy,  there- 
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fore,  to  distiugiiisb. — 1st.  Whetlier  a cell  is  empty ; that  is  to 
say,  whether  it  contains  air,  as  is  the  case,  for  instance,  with 
perfect  vessels  and  wood-cells ; 2ndly.  Whether  its  contents  ai’e 
dnid,  with  a solid  substance  contained  in  the  fluid.  Another 
question  which  arises  is,  as  to  the  natm-e  of  the  fluid  contents ; 
that  is,  whether  they  consist  of  a homogeneous  fluid,  or  of 
fluids  of  diflerent  consistencies,  apparently  not  iiitei’mingling 
with  one  another;  the  manner  in  which  these  fluids  are  af- 
fected by  chemical  re-agents  has  also  to  be  considered.  Lastly, 
the  solid  ingredients  of  the  cell-contents,  and  their  physical  and 
chemical  nature,  must  also  be  attended  to.  There  are  some 
substances  dissolved  in  the  juices  of  the  cell,  such  as  siigar,  for 
example,  for  which  no  certain  chemical  re-agents  ai’e  known, 
and  yet,  perhaj)S,  the  red  coloiming  of  the  contents  of  ripe 
})olleu-grains,  which  is  often  observed  to  arise  upon  the  appli- 
cation of  concentrated  sulphuric  acid,  may  be  a reaction  upon 
sugar, _since  Schultz  has  proved  that  the  effect  of  sugar  and  sul- 
phuric acid  upon  a nitrogenous  substance  is  to  produce  a red 
coloimiug.  Gmn  and  dextrine  are  coagiflated  by  alcohol;  the 
jiresence  of  nitrogenous  substances  is  proved,  as  has  been  stated, 
by  the  use  of  sugar  and  sulphuric  acid,  which  produce  a rose- 
red  coloui’,  or  by  a solution  of  iodine,  or  of  chloride  of  zinc  and 
iodine,  and  also  by  nitric  acid,  with  ammonia  subsequently 
added  to  it ; in  these  three  cases  an  intense  yellow,  almost 
brown,  coloirr  is  produced.  When  the  presence  of  oil  or  resin 
is  suspected,  the  object  should  be  placed  in  ether  or  pure  alcohol 
for  some  hoiu’s,  which  will  dissolve  both  oil  and  resin.  When 
the  jiuces  of  the  cell  hold  any  salt  in  solution,  some  re-agent 
must  be  used  which  operates  upon  the  salt. 

The  solid  contents  of  cells  consist  principally  (besides  crystals) 
of  starch,  inuline,  and  chlorophyll.*  In  the  case  of  crystals. 


* Inuline  is  a substance  resembling  starch,  found  in  some  of  the  Com- 
positaB.  It  differs  from  starch  in  not  containing  so  large  a proportion  of  the 
elements  of  water,  and  in  being  coloured  pale  yellow  or  brown  by  iodine. 
The  name  is  derived  from  the  plant  Inula.  Chlorophyll  (from 
and  ^uAAov,  a leaf),  is  a substance  of  a waxy  nature,  which  gives  the 
green  colour  to  plants,  and  is  abundant  in  the  cells  of  leaves.  See  “ Hen- 
frey’s  Outlines,”  pp.  12,  1.3. — Tr. 
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their  form  is  frequently  sufficient  to  load  to  a decision  as  to 
their  chemical  composition;  octoheth-al  crystals,  so  frequent  in 
plants,  as  well  as  the  long  four-sided  acicular  ciystals  called 
rcqihicles,  are  formed  of  oxalate  of  lime.  Where  the  form  of 
a ciystal  does  not  afford  sufficient  information,  the  use  of  chemi- 
cal re-agents  is  often  serviceable ; carbonate  of  lime  is  known 
as  well  by  the  disappearance  of  its  crystals  upon  the  application 
of  sulphuric  acid,  as  also  by  the  escape  of  carbonic  acid  in  a 
gaseous  form.  In  this  case  it  is  necessaiy  to  observe  the  instan- 
tiineous  operation  of  the  acid  upon  the  crystal;  this  may  be 
best  observed  when  the  object  is  laid  in  a small  quantity  of 
fluid  under  a glass  cover,  and  a drop  of  acid  carefully  brought 
to  the  edge  of  the  glass  cover  by  the  aid  of  a thin  gla.ss  rod 
or  capillary  bottle ; by  this  means  the  drop  of  acid  affects  simul- 
taneously the  whole  of  the  object  under  examination,  and  there 
is  time  to  observe  the  first  working  of  the  acid  upon  the  crystal. 
I also  recommend  this  mode  of  proceeding  when  it  is  ^vished  to 
observe  the  first  effect  of  acid  upon  a section  of  a plant  satu- 
rated with  iodine. 

Starch  is  characterized  by  its  assuming  a blue  coloiu  on  the 
ajiplication  of  iodine ; inuline  is  turned  a pale  yellow  or  brovni 
by  iodine,  and  is  often  not  perceptible  until  iodine  has  been 
used;  chlorophyll  is  always  green,  its  gi'ains  lose  their  colour 
upon  being  subjected  to  alcohol;  the  gi’een  coloming-matter 
which  covers  them  appears  to  be  composed  of  different  chemical 
ingi-edients  from  the  graim  themselves,  which,  accordhig  to 
Schleiden,  consist  of  a waxy  substance,  but  which  not  unfre- 
quently  consist  of  starch.  There  are  many  other  solid  or  half 
solid  bodies,  which  appear  in  the  cells  of  plants,  some  with, 
and  some  without,  any  definite  form,  and  which,  upon  tlie  appli- 
cation of  iodine,  generally  assume  a yellow  or  brovui  colour,  but 
sometimes  shew  no  change  in  their  colour;  the  grains  in  the 
leaves  of  some  Liver-worts,  of  Jungermannia  anomala  and 
Alicularia  scalar  is,  are  instances  of  such  bodies  ; the  nature  of 
these  bodies  has  not  yet  been  determined.  Amongst  the  sub- 
stances which  are  turned  brovm  by  iodine,  must  be  reckoned 
the  albumen  of  the  seeds  of  many  plants,  for  instance,  the 
Ilhina'idlioceai.  A large  field  is  here  open  for  microscopicid 
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inquiiy  with  the  help  of  chemical  re-agents.  Fatty  oil  is  not 
mifrecpiently  found  in  combination  with  other  matter  in  the 
cells  of  plants.  The  oil  is  set  free  by  sulphiiric  acid,  and  is 
then  seen  in  drops  upon  the  slide. 

The  iodized  solution  of  chloride  of  zinc  might  be  of  service 
in  the  examination  of  starch.  I have  made  some  experiments 
with  genuine  West  Indian  arrow-root : the  grains  at  first  as- 
sumed a clear  brown-’violet  colour;  the  lamination  was  not  very 
distinct ; by  gently  warming  the  slide  over  a spirit-lamp,  a blue 
coloiu-  gradually  appeared,  the  laminse  gave  way,  swelling  quite 
gradually  from  the  outside  towards  the  interior;  the  inner  part 
of  the  starch  grains  sometimes  appeared  to  remain  unchanged 
after  the  outer  lamiiije  had  already  become  detached;  after  a 
quarter  of  an  hour  the  colour  was  violet,  all  the  lamiufe  had 
become  moi*e  or  less  detached,  the  outer  ones  were  only  partly 
distinguishable,  and  had  become  transformed  into  a granulai* 
substance  of  a blue  or  violet  colour.* 

The  use  of  chemical  re-agents,  however,  is  not  confined  to 
testing  the  contents  of  cells,  but  is  also  of  gi*eat  importance  in 
obtaining  a knowledge  of  the  nature  of  the  cell-wall;  for  in- 
stance, the  presence  of  cellulose  in  the  cell-wall  is  ascertained 
by  the  blue  colour  which  is  produced  by  applying  iodine  and 
suljihuric  acid,  or  the  iodized  solution  of  chloride  of  zinc.  After 
maceration  in  chlorate  of  potash  and  nitric  acid,  all  woody  and 
vascular  tissue  is  turned  blue  tlu’oughout  its  whole  extent,  by 
app];ying  the  iodized  solution  of  chloride  of  zinc,  which  is  not 
generally  the  case  before  the  application.  The  oxydizing  fluid  in 
tliis  case  dissolves  not  only  the  intercellular  substance  but  also  the 
wood};"  matter,  which,  like  the  corky  matter,  either  altogether 
prevents  the  cellulose  fi'om  being  coloured  by  iodine  and  sul- 
phmic  acid,  or  causes  it  to  assume  a green  colour.  The  real 
corky  matter,  on  the  other  hand,  is  converted  into  a waxy  sub- 
stance by  the  oxydizing  fluid.  In  order  to  remove  it,  the  por- 
tions of  the  plant  must  be  boiled  in  an  eaifhenware  saucer  vdth 
a solution  of  caustic  jjotash,  and  afterwards  softened  vfith  water. 


* On  this  subject  the  reader  should  refer  to  the  papers  of  Mr.  Busk  aud 
Di*.  Allman  in  the  “Microscopical  Journal.” — Tk. 
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wliicli  is  best  done  by  perpetual  boiling.  After  this  j^rocess,  not 
only  iodine  and  sulpbmic  acid,  but  even  a solution  of  iodine, 
colours  the  residuum  of  cellulose  blue  or  violet.  Tbe  woody 
substance  is  found  in  the  walls  of  all  wood-cells ; the  corky 
substance  is  found  in  all  the  cork-formations,  and  moreover  in  * 
the  so-called  cuticular  layer  of  the  cells  of  the  epidermis,  as, 
for  instance,  in  the  epidermis  of  Viscum.  The  cuticle,  like  the 
intercellular  substance,  is  dissolved  by  boiling  in  alkaline  ley; 
cellulose  only  becomes  a little  distended  by  such  boiling.  By 
lengthened  maceration  after  Schidtz’s  method,  even  the  cellulose 
of  the  cell-wall  is  completely  dissolved,  a fact  of  which  notice 
must  be  taken,  in  order  to  avoid  mistakes  as  to  the  construction 
of  the  cell- wall.  Cavities  are  frecpieutly  met  with  in  macerated 
cells,  although  befoi’e  the  maceration  the  ca\T.ty  was  clothed  with 
a delicate  .skin ; detached  twisted  threads  ai’e  also  found  in  places 
where  a contmuous  membrane  formerly  existed,  which  covered 
tlie  thicker  parts,  and  was  aiTanged  in  a fibrous  niannei",  as  is 
the  case  in  many  bast-cells.  In  cases  like  these  Schultz’s  mace- 
ration alone  must  not  be  relied  u^ion.  The  real  intercellular 
substance  and  the  cuticle  are  not  tvirned  blue  by  the  iodized 
solution  of  chloride  of  zinc,  either  before  or  after  maceration. 
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CHAPTER  VI. 

ox  THE  UIFFEUENT  APPEARANCES,  FORMS,  AND  ARRANGEMENTS 
OF  THE  CEr,LS  OF  PLANTS,  AND  ON  THE  METHODS  OF  PRO- 
CURING THEM  AND  EXAMINING  THEM. 

The  cell  is  the  foundation  of  all  the  organs  of  plants ; a thorough 
knowledge  of  the  cell,  therefore,  in  all  its  diffei’ent  forms,  is 
essentially  necessary  before  any  special  investigations  can  be 
successfully  undertaken.  A knowledge  obtained  from  books  and 
pictures  is  not  sufficient ; it  is  necessary  to  become  acquainted 
with  the  elementary  organs  of  plants  from  actual  observation, 
and  therefore  to  begin  the  study  of  plants  with  the  study  of 
those  organs.  This  chapter  contains  the  most  important  matters 
connected  with  the  construction  of  the  cell,  together  with  direc- 
tions foi-  obtaining  objects  suitable  for  observation,  and  for 
gaining  an  intimate  acquaintance  with  them. 

To  iteg-in  witii  tu«  fr«*e  Cell. — In  the  pulp  of  succuleiit  fruits, 
for  instance,  in  the  ripe  currant  or  raspberry,  in  the  fruit  of  the 
snowberry,  and  also  in  the  leaves  of  carnations,  the  cells  are  so 
loosely  connected  together,  that  it  is  only  necessary  to  take  olf 
small  portions  of  the  pulp,  or  of  the  parenchyma  of  the  leaves, 
with  a knife,  to  place  it  in  a little  water  upon  a glass  slide, 
and  to  spread  it  out  upon  the  slide  as  thinly  as  possible.  In 
this  case,  a quantity  of  isolated  cells  will  be  found,  like  small 
sacs,  closed  on  -all  sides,  containing  in  the  currant  ami  raspberry 
a coloured,  and  in  the  snowberry  a colourless,  fluid.  Every  one 
of  these  cells  generally  contains  an  evident  nucleus  or  cytoblast, 
that  is  to  say,  a gramdar  little  liody  of  a round  or  oval  shajic, 
which  is  sometimes  sharjdy  defined  and  transparent,  but  more 
frequently  not  soj  in  the  interior  of  this  nucleus  are  often 
seen  one  or  more  very  small,  round,  and  generally  transjiarent 
little  bodies,  which  are  called  nucleoli.  When  a detached  cell  of 
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this  kind  is  subjected  to  a solution  of  iodine,  the  niendjrane  of 
the  cell  becomes  of  a pale  yellow  colour,  whilst  the  nucleus  and 
the  gramdar  mucilage  which  frequently  suri’ounds  it,  and  which 
is  generally  spread  over  the  whole  surface  of  the  cell-wall, 
assumes  a brownish-yellow  tinge  : if  the  solution  of  iodine  is 
now  removed  with  a cainers-hair  brush,  and  a drop  of  sulphuric 
acid  of  the  proper  strength  added,  or,  what  is  better,  if  a drop 
of  the  iodized  solution  of  chloride  of  zinc  is  employed,  the 
membrane  of  the  cell  itself  becomes  of  a beautiful  blue  coloiu-, 
whilst  the  nuclexis  and  the  granular  mucilage  retain  their 
brownish  yellow  tint.  The  nucleus  is  sometimes  so  transpa- 
rent, that  it  only  becomes  vi.sible  up(ju  the  a])plication  of 
iodine ; it  is  particularly  visiljle  in  the  tissue  of  oi-chids,  where 
it  is  large  and  shaiq)ly  defined.  The  iodized  solution  of  chloi’ide 
of  zinc  does  not  always  produce  a blue  colour.  The  effect  }>ro- 
duced  depends  upon  the  strength  of  the  solution  and  the  nature 
of  the  cell. 

The  blue  colour  assumed  by  portions  of  plants,  when  sub- 
jected to  iodine  and  sulphuric  acid,  has  hitherto  been  always 
considered  as  an  undoubted  chemical  reaction  upon  cellulose  ; 
after  making  many  observations  during  a series  of  yeai's,  I am 
inclined  to  think  that  it  is  an  indication  of  a certain  hydrate  of 
this  siibstance.  The  effect  of  iodine  and  sulphuric  acid,  for 
instance,  upon  very  young  cells,  is,  in  the  fii’st  place,  to  turn 
them  yellow,  then  i-eddish,  and  afterwards  violet,  and  lastly 
(frequently  not  until  an  hour  after  the  appli&rtion),  they  be- 
come blue ; whilst  old  cells,  on  the  contrary,  assume  this  colour 
instantaneously.  Since  sulplmric  acid  probably  operates  to 
withdraw  water  from  the  cellulo.se,  it  appears  to  me  that  the 
membrane  of  the  younger  cells  contains  a larger  quantity  of 
water,  or  at  least  that  the  water  is  more  condensed  in  them,  .so 
that  the  hydratic  condition,  of  which  the  blue  colour  is  a charac- 
tei'istic,  can  only  come  upon  them  by  degrees.  The  same  blue 
colouring  of  the  cellulose  results  upon  the  a])plicatiou  of  a 
solution  of  chloride  of  zinc  and  iodide  of  potiissium,  and  also 
upon  moistening  the  section  of  a })lant  with  an  infusion  of 
iodine  ; in  the  latter  case,  however,  the  object  must  be  per- 
mitted to  dry,  and  distilled  water  must  afterwards  be  added. 
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By  means  of  the  drying,  the  water  appears  to  he  drawn  from 
the  cellulose.  Withered  cells,  on  the  contrary,  are  no  longer 
rendered  blue  by  iodine  and  sul})huric  acid,  nor  by  the  iodized 
solution  of  chloride  of  zinc ; the  cell-wall  of  the  brown  parts 
of  diseased  potatoes  continues  brown,  whilst  the  neighbouring 
cells,  which  are  sound,  assume  a beautiful  blue  colour. 

The  brown  colour  produced  by  iodine  in  the  nucleus  and  the 
granular  mucilage,  and  the  permanence  of  this  colour  when 
sulphuric  acid  is  added,  is  usually  taken  to  be  an  indication  of 
the  presence  of  nitrogen  ; it  is  more  than  probable  that  both 
the  nucleus  and  the  granular  inner  coating  of  mucilage  (the 
primordial  utricle)  contain  nitrogen,  although  this  brown  colour 
alone  affords  no  certain  indication  of  its  presence ; for  both 
withered  cells,  such  as  those  in  diseased  potatoes,  and  also  the 
cuticle  of  leaves,  are  made  yellow,  or  brownish-yellow,  by  iodine, 
and  by  iodine  and  sulphuric  acid,  without,  as  I believe,  affording 
any  reason  for  suspecting  the  existence  of  nitrogen.  I must, 
however,  observe,  that  all  these  last-named  parts  appear  to  have 
a yellow  colour  before  the  iodine  is  used,  and  that  this  colour 
is  only  heightened  by  the  application  of  iodine ; whilst  the 
nucleus  and  the  granidar  mucilage  are  generally  colourless  in 
the  first  instance.  Chemistry,  unfortunately,  here  leaves  ns  in 
the  lurch  ; we  can  only  positively  distinguish  certain  substances 
in  the  contents  of  cells,  namely,  starch,  inuline,  chlorophyll,  and 
certain  crystallised  salts.  The  rose-red  colour  which  is  pro- 
duced by  sugar  and  siilphuric  acid,  is  always  a better  indication 
of  the  j)resence  of  nitrogen ; but  it  is  to  be  observed  that  the 
existence  of  nitrogen,  if  the  quantity  be  very  small,  is  not 
always  ascertainable  by  this  application,  since  the  colour  jiro- 
duced  in  such  cases  is  too  faint  to  be  observable. 

When  the  student  has  become  sufficiently  acquainted  with 
the  construction  of  individual  cells,  and  has  satisfied  himself 
that  they  are  little  closed  sacs  containing  fluid  and  solid  matter  j 
when  he  has  observed  that  most  essential  part  of  the  contents 
of  the  cells,  the  nucleus,  which  is  ncA^er  wanting  in  young  cells, 
although  often  concealed  by  the  granular  contents  of  the  cell ; 
when  he  has  informed  himself  concerning  the  construction  of 
the  nucleus,  and  has  ascertained  the  presence  or  absence  of 
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uucleoli,  and  the  number  of  them,  if  any ; when  he  has  observed 
the  relation  of  the  nucleus  to  the  cell,  that  is,  whether  it  floats 
freely  in  the  juice  of  the  cell,  or  is  fastened  to  the  wall  of  the 
cell,  then  1 recommend  him  to  observe  the  operation  of  diluted 
acid  (diluted  sulphuric  acid  or  nitric  acid)  upon  the  fresh  cell; 
by  means  of  this  acid,  as  well  as  by  alcohol  and  sugar  and  water, 
the  inner  mucilaginons  coating  of  the  cell,  which  is  generally 
granulai',  is  made  to  coagulate ; it  usiially  becomes  contracted 
like  a closed  sac,  enclosing  the  solid  contents  of  the  cell.  INIohl 
called  it  the  primordial  utricle ; it  is  found  in  all  young  cells, 
as  Avell  as  in  the  cells  of  all  succulent  tissue,  in  the  leaves  of  the 
Aloe  and  Agave,  in  the  fresh  leaf  of  the  Livei*-wort,  in  the  cells 
of  succulent  fruits,  in  the  young  parenchjnna  of  the  bark  of  the 
lime-tree,  and  other  plants  ; in  veiy  tliick  cells  it  can  seldom  be 
discovered. 

We  will  now  consider  the  farther  development  of  the  cell, 
and  there  are  three  points  which  must  be  particularly  kept  in 
view ; first,  the  gro-wth — that  is  to  say,  the  increase  iu  size  of 
the  cell ; secondly,  the  degi'ee  and  manner  of  thickening  of  the 
cell ; thirdly,  the  ai-rangement  of  the  cells  with  respect  to  one 
another. 

The  cell,  which  at  first  very  frequently  assumes  the  form  of  a 
small  closed  sac,  of  a more  or  less  round  shape,  afterwards  in- 
creases in  size  in  different  ways.  Sometimes  it  increases  eqxially 
on  all  sides  and  at  all  points  of  its  iDei’iphery.  In  this  case  the 
cell,  if  it  is  only  slightly  pressed  upon  by  the  neighbouring  cells, 
retains  its  original  round  form.  This  form  of  cell  is  of  compara- 
tively rare  occui'rence  ; it  is  often  found  in  the  reproductive  cells, 
in  spores  and  pollen-grains,  and  also  in  the  p^ilp  of  ripe  succii- 
lent  fruits.  Cells  of  the  kind  now  under  considemtion  (that  is, 
cells  which  increase  equally  on  all  sides  and  at  all  points  of  the 
])crii)hery)  are  more  frequently  of  a polygonal  form,  owing  to 
the  mutual  pressure  of  the  cells ; the  number  of  the  angles  of 
the  pol^^gon  depends  upon  the  number  and  arrangement  of  the 
cells  which  are  in  contact.  . Such  cells,  when  cut  transversely, 
frequently  appear  to  be  pentagonal,  hexagonal,  or  polygonal. 
Tissue  consisting  of  such  cells  has  been  denominated  regixlar 
]iarenchyma.  It  is  x'cry  widely  distributed;  it  is  found  in  the 
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potato,  in  the  pith  of  most  trees,  in  the  roots  of  orchids,  in  the 
feaves  of  aloes,  and  in  other  plants. 

The  second  mode  of  development  of  the  cell  is  that  in  whicli 
it  increases  to  a greater  extent  in  one  tlirection  than  in  anothei' ; 
by  this  means  we  obtain  cells  extended  either  in  length  or  in 
breadth.  Length  and  breadth  must  here  be  considered  only 
with  reference  to  the  arrangement  of  the  cells  amongst  one 
another;  wood-cells  may  be  taken  as  examples  of  cells  extended 
lengthways,  because  they  follow  the  direction  of  the  length  of 
the  stem ; the  medullary  rays  are  instances  of  cells  extended 
breadth-wise,  because  they  run  in  an  opposite  direction.  In 
the  stems  of  succulent  plants,  as,  for  example,  in  the  stems  of 
balsams,  we  find  the  so-called  elongated  parenchyma,  consisting 
of  rather  large,  slightly  tliickened  cells.  The  cambium  of  dico- 
tyledonous plants  also  contains  narrow  elongated  cells  with  very 
delicate  walls.  The  wood-cells  are  generally  extended,  mucli 
thickened,  and  pointed  at  both  ends.  In  order  to  examine  fully 
the  form  of  all  these  cells,  maceration  may  be  advantageously 
employed. 

The  third  mode  of  groAvIh  is  that  in  which  the  cell  increases 
equally  on  all  sides,  but  not  equally  at  every  point  of  its  peri- 
phery. The  most  elegant  form  of  this  kind  of  cell  is  the  stel- 
late tissue,  such  as  that  which  is  foimd  in  the  pith  of  Juncus 
conglomeratus,  and  in  the  leaf-stalk  of  Musa;  it  is  also  fomid, 
although  less  regular  in  its  shape,  in  many  other  spongy  tissues. 
In  the  latter  case  it  is  often  difficult  to  make  out  the  particular 
fonn  of  the  cells.  If  their  partition  walls  are  very  delicate, 
the  iodized  solution  of  chloride  of  zinc,  or  iochne  and  sulpliiuic 
acid,  by  which  these  cells  are  generally  turned  blue,  are  veiy 
usefid.  Tissue  of  this  nature  is  traversed  by  air-passages,  which 
arise  from  the  circiunstance  of  the  cells  only  touching  one 
another  at  certain  spots,  frequently  of  very  small  extent,  and 
from  this  circumstance  also  arises  their  spongy  nature.  The 
epidermis  of  many  plants,  such  as  the  leaf  of  the  beech,  and 
the  leaves  of  many  ferns,  consists  of  flat  cells,  the  walls  of 
which  dove-tail  into  one  another;  the  prominent  part  of  one 
cell  fitting  exactly  into  a depression  in  the  neighbouring  cell ; 
such  tissue,  therefore,  differs  from  spongy  tissue  by  the  absence 

n 2 


76 


THE  MICROSCOPE. 


of  air-passages  between  the  cells.  The  construction  of  the  peri- 
derm of  Films  sylvestris  is  similar  to  that  of  an  epidermis  of 
the  nature  just  mentioned. 

The  increase  in  thickness  of  the  cell  appears  to  arise  from  the 
deposit  of  solid  substances  in  the  interior,  upon  the  original 
cellulose  of  the  cell-wall.  This  deposit  of  new  matter  fre- 
quently ajipears  to  take  place  in  the  form  of  a spiral ; in  very 
young  wood-cells,  for  instance,  in  the  youngest  cells  of  a fresh 
twig  of  Finns  Abies,  a most  delicate  spii'al  band  may  be  ob- 
served in  Spring  and  in  Summer : in  the  older  cells  it  can  hardly 
be  perceived.  The  band  which  is  seen  in  spiral  cellular  tissue, 
the  markings  in  the  thickening  layers  of  the  liber-cells  of  Vinca 
minor,  the  arrangement  of  those  spots,  the  thickness  of  which 
is  less  than  that  of  the  rest  of  the  cell,  and  which  occur  in  the 
thickening  substance  of  the  wood-cells  of  Caryota  urens  and 
Hernandia  sonora,  as  well  as  the  disposition  of  the  slit-shaped 
pores  of  many  wood-cells  (those  of  Cycas,  for  example),  all 
afford  arguments  in  favoiu-  of  the  thickening  substance  being 
deposited  in  the  form  of  a spiral.  There  are  many  CJises,  how- 
ever, in  which  no  spiral  is  visible  in  the  othei’Arise  highly  de- 
veloped thickening  layers.  This  occurs  in  the  albumen  of 
the  Date  and  the  Cyclamen,  in  the  so-called  Collenchyma  of 
the  bark,  in  the  tissue  of  the  leaves  of  many  Liver-worts  (such 
as  J ungermannia  anoinala  and  crenulata),  and  generall}^  in  those 
cases  where  the  corners  only  of  the  cells  are  thickened.  Sjhral 
and  annular  thickening  layers  are  generally  found  in  those  cases 
where  the  cells  themselves  become  considerably  elongated  after 
the  tormation  of  the  layer.  Those  portions  of  the  cell-^\'all  which 
are  slightly,  or  not  at  all  thickened,  become  stretched  by  this 
elongation,  l>y  which  means  the  coils  of  the  si^iral  band,  or  the 
rings,  become  further  and  further  se}>arated  from  one  another. 
When  the  layers  are  deposited  in  a net-like  manner  this  separa- 
tion takes  place  oidy  to  a very  slight  extent,  if  at  all ; in  this 
case  the  elongation  of  the  cell  takes  place  before  the  deposit  of 
the  thickening  layers.  An  accurate  acquaintance  with  the 
mode  of  developemeiit  of  the  internodes  of  the  stems  of  Balsams 
is  here  very  desirable.  In  the  youngest  internodes  only  spiral 
and  annular  vessels  are  found,  and  in  these  the  coils  of  the 
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spiral,  or  the  rings,  as  the  case  may  he,  lie  close  to  one  another ; 
as  the  internode  becomes  elongated  its  cells  become  elongated 
also.  The  coils  and  the  rings  of  the  oldest  vessels  are  now 
drawn  far  apart  from  one  another,  and  become  still  fm-ther  sejja- 
rated  in  proportion  as  the  internode  becomes  longer.  New 
vessels  of  the  same  kind  are  continually  being  produced  dm-ing 
the  time  the  internode  increases  in  length  ; when  the  intei’node 
lurs  attained  its  full  length,  net-like  vessels  are  formed. 

The  above  fircts  may  be  observed  by  following  out  the  deve- 
lo])ement  of  the  intei-nodes  of  the  young  branches  of  any  forest- 
tree.  In  the  medulhuy  sheath  the  vessels  are  pi'incipally  spiral 
or  annular,  which  vessels  are  not  iisually  found  in  the  wood. 
In  the  Coniferse  the  medullaiy  sheath  always  exhibits  thickened 
spiral  cells  instead  of  pitted  wood-cells.  A young  beech  twig 
just  breaking  through  the  scales  of  a bud,  affords  a particidai’ly 
good  illustration  of  the  facts  above  mentionecL 

In  almost  all  cells  of  great  thickness,  for  example,  in  many 
wood-cells,  there  may  be  seen  a manifest  lamination  in  the  thick- 
ening substance,  from  which  it  would  apj>ear  as  if  the  thicken- 
ing took  place  periodically.  Observations  upon  the  wood-cells 
of  Caryota  urens  and  Hernaiidia  sonora  have  convinced  me 
that,  contemporaneou,sly  with  this  lamination,  the  dii’ection  of 
the  spiral  may  also  be  changed.  The  existence  of  the  spiral 
band  shews  that  the  thickening  substance  is  not  spread  ecpially 
over  the  whole  wall  of  the  cell;  the  thickening  substance  does 
not  consist  of  s^iiral  filaments ; the  spiral  only  points  out  the 
spots  where  the  layers  are  of  greater  thickness. 

Certain  spots  may  be  observed  here  and  there,  the  thickness 
of  which  is  less  than  that  of  the  rest  of  the  cell;  these  tliin 
spots  often  occur  at  very  regidar  intervals  ; they  are  frequently 
aiTanged  in  the  form  of  a spiral,  and  are  often  of  a regular 
shape;  at  the  places  where  these  thin  spots  occm*  there  a^ipears 
to  be  a change  in  the  .substance  of  the  cells.  Even  in  cells  of 
slight  thickness  the  thin  spots  can  be  seen  upon  making  thin 
longitudinal  or  transverse  sections,  especially  by  using  the 
iodized  solution  of  chloride  of  zinc,  or  iodiiie  and  sulpluuac 
acid ; for  it  will  then  be  seen  that  these  spots  continue  almost 
colourless,  whilst  the  thicker  portions  of  the  cell-wall  become 
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of  a beautiful  blue  coloiu’.  I would  meution,  as  examples,  the 
starch-bearing  tissue  of  the  potato,  the  cells  of  the  leaf  of  Fega- 
tella  conica  and  Preissia  commutata,  &c.  In  cells  of  greater 
thickness  these  thin  spots  aj^pear  as  pores,  or  canaliculi.  With 
the  exception  of  the  cuticle  of  certain  plants,  such  as  Cycas 
revoluta.  Aloe  succotrina,  Hakea,  &c.,  these  pores  only  occim  at 
those  points  where  two  cells  touch  one  another,  in  which  case 
the  pore  of  one  cell  exactly  meets  the  pore  of  another  cell,  but 
each  is  divided  from  the  other  by  a thin  membrane,  an  excel- 
lent example  of  which  is  to  be  seen  in  the  albumen  of  the  seed 
of  the  date.  Between  the  walls  of  the  two  cells  there  is  often  to 
be  seen  a lenticular  cavity.  The  Avood-cells  of  the  Coniferte 
afford  the  best  instances  of  this,  and  the  vessels  of  the  tropical 
twining  plants,  such  as  Biittneria  and  Poraua,  in  which  branched 
canaliculi  are  often  to  be  found,  are  well  worthy  of  examination. 
The  tissue  in  which  these  canaliculi  and  lenticular  catdties  oc- 
cur is  called  pitted  tissue.  In  order  to  become  acquainted  •with 
the  construction  of  the  pits,  they  must  be  seen  from  three  sides. 
In  Pinus  sylvestris,  when  a transverse  section,  or  a longitudinal 
section  at  right  angles  to  the  medullaiy  rays,  is  taken,  the  jiits 
are  seen  sideways;  the  canalicus  of  each  wood-cell  may  then  be 
seen,  and,  between  the  cells,  the  lenticular  cavity.  If  a longi- 
tudinal section  is  made  in  the  direction  of  the  medullary  rays, 
the  pits  are  seen  from  above  in  the  form  of  two  circles,  one 
Avithin  the  other;  the  larger  circle  is  the  boundary  of  the  len- 
ticidar  ca\dty,  the  smaller  circle  Avithin  it  points  out  the  situa- 
tion of  the  canaliculus.  The  latter  does  not  alAAaiys  appear 
in  the  form  of  a circle  ; in  the  Avood-cells  of  Cycas  it  is  in  the 
shape  of  a slit,  because  here  the  canaliculus  is  of  that  shajAe. 
When  the  canaliculus,  as  is  the  case  in  some  sjAeciniens  of  wood, 
runs  into  the  cell  in  a conical  form,  a third  circle  is  seen,  which 
corresponds  to  the  mouth  of  the  canaliculus. 

Parenchyma  and  prosenchyma  are  distinguished  from  one 
another  by  the  extent  to  Avhich  the  thickening  takes  place ; the 
former  consists  of  slightly-thickened  cells,  not  pointed  at  the 
(iiids,  and  not  overlapping  each  other ; prosenclyuna  consists  of 
cells  Avith  ])ointed  ends,  Avhose  AAmlls  are  of  considerable  thick- 
ness, and  Avhich  overlap  one  another.  Nearly  allied  to  these 
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are  the  liber-cells,  whose  tliickeniiig  substance,  however,  is  less 
firm  and  brittle,  but  more  pliant  and  tough ; a property  which 
renders  them  of  great  utility. 

Vessels  are  distinguished  from  the  other  cells  of  plants  by 
the  fact,  that  they  are  placed  in  rows  one  above  the  other,  and 
are  rendered  continuous  by  the  obliteration,  in  whole  or  in 
part,  of  their  transverse  partition-walls,  by  wliich  means  a tube 
is  fonned,  which  is,  to  a certain  extent,  continuous.  When  the 
pai'tition-walls  of  vessels  meet  one  another  in  a horizontal  di- 
rection, the  wall  is  generally  found  to  be  perforated  by  a roimd 
holej  this  is  the  commonest  case.  When,  however,  the  walls 
meet  one  another  in  an  oblique  direction,  a scalariform  partition- 
wall  is  often  to  be  found  instead  of  the  round  holes;  that  is  to 
say,  a wall  with  slit  shaped  cavities  lying  near  one  another,  and 
lanniing  in  the  direction  of  the  breadth  of  the  vessel.  In  the 
vessels  of  Alnus,  Betula,  Corylus,  Platanus,  Buxus,  Thea  Bohea, 
Caryota  urens,  Ephecba,  &c.,  a double  row  of  round  cavities 
generally  ajopears  under  similar  cii’cmnstances  in  the  place  of  the 
slit-shaped  cartties.  Beal  holes  in  the  substance  of  the  cell-wall 
are  sometimes,  but  very  seldom,  met  with;  as,  for  mstance,  in 
the  leaf  and  stem  of  Sphagnum.* 

The  spiral  vessel  is  the  true  tjqDe  of  vascular  tissue ; in  it 
the  thickening  substance  is  developed  in  the  form  of  a con- 
tinuous spiral  band : in  the  ammlar  vessels,  on  the  contrary,  the 
thickening  substance  is  dei^osited  in  the  form  of  a ring.  In 
the  stems  of  balsams,  the  most  beautiful  transition  from  the 
spiral  to  the  anmdar  vessel  is  to  be  seen.  In  the  scalariform 
vessels  wdiich  occur  in  the  wood  of  the  \dne,  in  the  leaf-stalks  of 
ferns,  and  particidarly  in  the  stems  of  tree-ferns,  the  coils  of  the 
spiral  are,  as  it  were,  joined  together  by  a border,  such  border 
occurring  at  those  spots  where  the  vessel  meets  with  several  of 
the  adjoining  cells.  In  delicate,  thickened,  reticulated  cells  these 
borders,  which  unite  the  coils  of  the  spiral,  frequently  occur  in 
greater  numbers.  In  the  stems  of  balsams,  all  the  above-men- 


* The  apparent  perforations  in  the  cells  of  Sphagnum  have  been  proved 
to  be  real  holes,  by  obsei-ving  the  passage  of  animalcules  in  and  out  of  the 
cells. — See  “Quekett’s  Lectures  on  Histology,”  p.  9. — Tr. 
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tioned  foi-ms  of  vessels,  except  the  scalariform  vessels,  may  be 
fouud  iu  the  greatest  perfection.  The  most  beautiful  pitted 
vessels  are  to  be  fouud  iu  the  wood  of  Laurus  Sassafras;  the 
pits  aud  the  spiral  bauds  are  both  present  iu  Tilia  Em-oi)cea; 
and  the  same  is  the  case  with  the  wood-cells  of  Taxus.  The 
lougitudiual  section  of  a scalariform  vessel  exhibits  a pit  be- 
tween each  pair  of  the  bars.  A good  trausvei'se  section  shews 
tliat  this  pit  is  slit-sjiapcd,  so  that  the  scalariform  ve.ssel  is  most 
neai'ly  allied  to  the  pitted  vessel.  Schultz’s  method  of  macera- 
tion is  highly  to  be  recommended  for  the  examination  of  cells. 
All  succulent  stems  are  ])articularly  well  adapted  for  making 
observations  on  the  vascular  tissue. 

The  vessels,  the  wood-cells,  and  the  liber-cells,  become  filled 
mth  air  as  soon  as  they  are  completely  formed.  The  contents 
of  the  parenchyma,  on  the  other  hand,  are  fluid,  and  solid 
matter  appears  to  be  held  in  solution,  or  suspension,  iu  the 
fluid.  If  a longitudinal  section  of  moderate  thickness  is  made 
tlirough  the  bundles  of  vessels  of  a fresh  portion  of  a plant,  and 
ti’eated  under  water,  they  will  appear  to  be  white,  if  examined 
with  incident  light,  before  the  water  has  time  to  force  its  way 
into  the  vessels;  if  they  are  examined  with  transmitted  light, 
they  will  appear  black ; these  appearances  are  well  known  to 
indicate  the  presence  of  air.  If  the  section  be  now  placed  in 
alcohol,  in  order  to  drive  the  air  out  of  the  vessels,  aud  brought 
again  under  the  mieroscope  in  a di’oj)  of  water,  so  that  the 
vessels  become  filled  with  water,  they  will  then  aj)])eai*  trans- 
parent like  the  cells  of  parenchyma. 

It  will  have  been  seen  that  the  cells  of  })lants  vary  much  in 
tlieir  mode  of  growth,  and  iu  the  manner  iu  which  they  increase 
in  thickness.  They  are  joiaied  together  by  a secretion,  winch 
originates  in  the  cells  themselves,  and  passes  into  the  inter- 
cellular substance.  When  thus  joined  together  they  form  dif- 
fei’ent  sorts  of  tissue,  which  we  now  proceed  to  notice. 

Pitr«‘ii<.-iiyiiiatai  «r  Timnik*. — This  is  characterized 

by  thui-walled  cells,  the  forms  and  contents  of  which,  however, 
may  be  very  varioais;  regular  parenchyma,  consisting  of  nearly 
round  cells,  or  of  cells  whose  length  is  the  same  as  their 
breadth,  is  to  be  fomid  in  the  pith  of  most  trees;  elongated 
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regular  parenchyma  is  found  in  the  pith  and  in  the  hark  of 
dicotyledonous  plants  of  rapid  growth;  stellate  parenchyma  is 
found  in  the  pith  of  rushes ; spongy  i)areuchyma  in  the  air- 
passages  of  many  aquatic  plants,  &c.  The  tissue  of  lichens,  as 
well  as  of  the  higher  fungi,  may  also  be  considered  to  be  a special 
kind  of  parenchyma. 

The  re})roductive  tissue  of  plants  consists  of  parenchyma. 
In  the  cells  of  the  parenchyma  new  cells  are  produced,  as  well 
as  ditferent  sorts  of  vegetable  matters,  such  as  starch,  inidine, 
essential  and  fatty  oils;  crystals  are  also  secreted  in  them. 
There  is,  moreover,  a kind  of  primordial  parenchyma  which 
serves  in  the  first  place  for  the  multi])lication  of  cells,  and  which 
possesses  the  power  of  producing  all  sorts  of  cells.  This  tissue 
is  found  in  the  earliest  rudiments  of  the  embryo,  and  in  the 
punctum  vegetationis  of  the  stem  and  of  the  root. 

formative  TisMiie  or  C'amt>iuiii. — This  Consists  of  very  thin- 
walled  cells,  which  become  transformed  gradually,  and  by  certain 
specified  changes,  into  the  dilFereiit  kinds  of  cells  of  the  vascu- 
lar bundle.  If,  whilst  the  Cambium  is  occupied  in  forming  new 
wood  on  the  one  side,  and  new  bark  on  the  other,  provision  is 
made  for  its  OAvn  growth  also,  it  causes  a continual  increase  m 
the  thickness  of  the  vascular  bundle  on  both  sides.  This  is  the 
origin  of  the  annual  rings  in  our  forest- trees ; since  by  means 
of  the  Cambium,  a new  layer  of  wood  is  formed  every  year. 
But,  by  the  same  means,  the  bark  also  increases  yearly.  This 
mode  of  growth  chai’acterises  the  dicotyledonous  vascular 
bundle.  Vessels  origiirate  immediately  from  Cambium  cells  by 
tire  obliteration  of  the  transverse  septa  in  a row  of  such  cells. 
By  the  formatioir  of  a wood-cell  the  pi'imoi’dial  utricle  of  the 
Cambium  cell  is  diAuded  longitudinally  into  two  equal  halves; 
one  of  these  halves  becomes  a wood-cell,  whilst  the  other  con- 
tinues for  some  time  as  a Canrbium  cell.  The  perfect  wood-cell 
is  pointed  at  both  ends ; its  wall  is  geirerally  much  thickened  and 
furnished  with  real  pits.  Woody  parenchyma  originates  from 
cell-formation  in  the  interior  of  a very  yoimg  wood-cell;  the 
irew  cells  are  formed  by  the  transverse  division  of  the  primor- 
dial utricle  of  the  wood-cell.  The  original  cell  is  frequently 
absorbed,  but  sometimes  remains  behind,  as  in  the  case  of  the 
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Vine,  where  the  i^erfect  wood-cell  has  a spii-al  baud,  which  i.s 
not  to  be  found  in  the  woody  parenchyma.  This  latter  paren- 
chyma is  found  in  the  Leguminosie,  and  in__the  Oak,  and  the 
Beech ; in  TJlex  and  S2)artium  it  is  furnished  with  a spiral  band. 
Woody  parenchyma  may  be  recognized  l^y  the  shortness  of  its 
cells  in  comparison  with  true  wood-cells,  by  the  absence  of 
pointed  ends,  and  finally  by  the  contents  of  the  cells  which 
frequently  consist  of  starch  and  other  hydrates  of  carbon,  which 
are  never  found  in  the  true  wood-cell. 

Bast-cells,  like  wood-cells,  take  tlieii’  origin  in  the  longitudinal 
divi.sion  of  a Cambium  cell,  but  it  woidd  seem  that  more  than 
two  cells  (generally  four)  originate  from  one  mother-cell.  The 
bast-cell  generally  becomes  more  or  less  perceptibly  elongated  ; 
its  ends  are  pointed  like  those  of  the  wood-cell,  and  it  becomes 
thickened  in  a manner  similar  to  this  latter  cell ; it  does  not, 
however,  always  become  woody,  and  it  is  never  tiaily  pitted.  Its 
thickening  layers,  however,  are  either  penetrated  by  canaliculi, 
or  have  some  parts  thinner  than  others,  the  thinner  parts  tra- 
versing the  layers,  either  in  a lattice-like  manner,  a.s  in  Vinca 
Asclepias,  and  Urtica,  or  in  a slit-shaped  form,  as  in  Caryota  and 
Phoenix.  The  bast-cells  of  some  plants,  such  as  Abies  pecti- 
nata,  Picea  \n.ilgaris,  &c.,  after  remaining  for  many  yeai*s  with- 
out becoming  woody,  and  serving  as  conduits  for  the  sap,  are 
still  capable  of  cell-formation ; the  seconvdary  bast-cells  originate 
in  them,  which  latter  cells  generally  become  woody,  and  in 
Abies  pectinata,  are  distingiushed  by  the  peculiarity  of  their 
fonn  and  the  number  of  their  ramifications.  The  Cambium  it- 
self never  contains  starch  or  other  hydrates  of  carbon ; its  con- 
tents are  granular  : sugar  and  sulpliuric  acid  produce  a rose-red 
coloiu-;  it  is,  therefore,  rich  in  nitrogenous  substances.  The 
vessels  and  the  wood-cells,  when  in  tlieii’  perfect  state,  contain 
air ; the  bast-cells,  on  the  other  hand,  in  most  plants,  are  for  a 
long  time  filled  with  sap : milky  juice  is  a product  of  these 
cells.  The  developement  of  Cambiiim  and  wood-cells  may  be 
best  studied  in  the  spring  in  the  roots  of  Pinus  Abies  and 
Larix.  The  origin  of  vessels  may  be  traced  most  beautifully  in 
Dicotyledons  of  mpid  gi'owth ; for  instance,  in  the  branches  of 
Broussonetia  and  Paulownia.  The  Vine  is  a fa  voidable  plant 
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for  studying  the  development  of  the  bast-cells  and  woody  paren- 
chyma. 

Epiflermai  Tissue. — This  tissue  is  very  various,  and  may  be 
subdivided  into  the  epidermis  proper,  the  epithelium,  and  the 
cork.  The  epidermis  proper  consists,  for  the  most  part,  of  a 
stratum  of  tolerably  thick-walled  cells.  The  form  of  these 
cells  themselves  is  very  various  in  different  plants : in  the  mono- 
cotyledonous  plants,  such  as  the  gi’asses,  the  Irideae,  the  Or- 
chideae,  &c.,  the  cells  are  elongated,  and  of  regular  shape;  in 
the  leaves  of  ferns,  on  the  contrary,  they  are  very  irregular  in 
shape,  being  united  together  almost  in  a stellate  form.  In  the 
leaves  of  dicotyledonous  plants  they  are  differently  formed  in 
different  plants.  It  not  unfrequently  happens  that  the  under 
side  of  the  same  leaf  has  a differently  formed  epidermis  from 
the  upper  side.  Between  these  epidermal  cells,  but  more  fre- 
quently close  underneath  them,  are  situated  the  stomata.  With 
the  exception  of  Marchantia,  the  stomata  are  almost  always 
formed  of  only  two  cells.  In  Cycas  and  some  Proteacete 
both  these  cells  lie  very  deeply  biu'ied  under  a crater-shaped 
hillock  formed  of  many  epidermal  cells.  In  Nerium  Ole- 
ander they  lie  in  clusters  in  deep  cavities  of  the  leaf  formed  for 
the  piu’pose,  whilst  the  smooth  upper  surface  of  the  leaf  has  no 
stomata.  The  stomata,  especially  in  plants  which  grow  in  the 
ail’,  are  generally  to  be  found  on  the  under  side  of  the  leaves. 
In  Cycas  and  ISTerium,  in  the  Beech,  the  Oak,  the  Alder,  &c. 
they  are  altogether  wanting  on  the  upper  side.  In  the  floating 
leaves  of  aqiiatic  plants,  such  as  Hydrocharis  and  HymphEea, 
they  are  to  be  found  only  on  the  upper  side.  The  ej^idermis  is 
frequently  clothed  with  hairs;  these  hairs  are  generally  pro- 
longed cells  of  the  epidermis  itself.  The  hairs  may  consist  of 
one  or  more  cells;  in  the  latter  case  they  frequently  end  with 
a cellular  knob  like  the  glandular  hairs  of  Pinguicula  vulgaris 
and  Polycarena  capensis;  the  stinging  hairs  of  the  Uidicefe,  on 
the  other  hand,  consist  of  only  one  cell,  the  very  small  end  of 
which  bears  a little  knob  which  is  somewhat  bent  and  very 
easily  broken.  The  scales  of  Elseagnefe,  of  certain  Brome- 
liacece,  &c.,  belong  also  to  this  class;  they  are,  as  it  were,  com- 
pound hairs.  Branched  hairs,  not  compound,  but  rather  con- 
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sisting  of  a single  cell,  are  comparatively  of  rare  occurrence; 
they  are  found  in  certain  species  of  Alyssum,  and  are  evci]  more 
beautiful  in  certain  Amarantliacea',  for  instance,  in  the  leaves 
of  Alternanthera  axillaiis. 

The  epidermis  i>roper,  and  the  parts  belonging  to  it,  such  as 
tlie  hairs  and  the  outer  side  of  the  cells  of  the  stomata,  are 
clothed  witli  a continuous  covering,  the  product  of  a secretion 
of  these  cells,  which  is  called  the  cuticle,  and  whicli,  in  my 
opinion,  covers  the  whole  epidermis,  although  it  is  not  of  ecpial 
tliickness  at  every  ])oint  of  it.  In  the  young  e2‘)idermal  cells 
tills  cuticle  is  very  sliglitly  developed : it  is  often,  in  fact,  nearly 
fluid,  and  afterwards  apjieai’S  as  a firm  membrane  capable  of 
resisting  the  strongest  sulphuric  acid.  It  is  particularly  beau- 
tiful in  the  leaves  of  certain  Orcliidese  (Himantoglossum,  Or- 
chis fusca),  in  the  hairs  of  jNIonotropa,  and  of  certain  species  of 
Borago,  (fee.,  whei’e  it  forms  streaks  or  wart-like  elevations.  In 
leathery  or  shining  leaves,  such  as  those  of  Viscuni,  Aloe,  <tc.,  a 
very  careful  examination  is  necessary  to  dLstinguish  between 
tlie  true  cuticle  and  the  thickening  layer  of  the  epidermis.  In 
the  Aloe,  the  greater  part  of  the  so-called  cuticle  is  formed  from 
the  cuticular  layers  of  the  epidennal  cells,  and  under  these 
layers  there  lies  a real  secretion  which  is  the  true  ciiticle.  The 
same  may  be  seen  more  beautifully  in  Gasteria  obli(pia,  Yiscum, 
and  Phormium  tenax.  In  examining  the  cuticle,  a thin  trans- 
verse section  should  be  warmed  in  a solution  of  caustic  jiotasln 
Tlie  outer  covering  of  siich  i)ollen  grains  as  those  of  the  Mal- 
vacejB,  which  are  delicately  echinulate,  or  of  the  Cichoracese, 
which  are  rugose,  and  the  oiiter  covering  of  spores,  such  as 
those  of  Timber  cibariuni,  must  be  considered  as  analogoiis  to  the 
cuticle.  Such  coverings  are  completely  dissolved  by  being 
boiled  in  a solution  of  caustic  ])otash,  whilst  the  inner  mem- 
brane of  cellulose  remains  behind  in  a free  state. 

Tlie  epidermis  covers  the  leaves  and  the  stems  of  the  higher 
orders  of  plants ; in  tlie  lowest  plants,  such  as  the  Pungi,  Algje, 
and  Lichens,  it  is  altogether  wanting ; in  the  IMosses,  it  is  found 
in  the  cajisidcs,  in  the  Marchantiai  on  the  upper  side  of  tlie 
leaf;  in  Anthoccros  it  is  to  be  seen  on  the  capsule  covered 
with  very  beautifld  regular  stomata.  It  is  present,  as  has  been 
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already  obsei'ved,  in  tlie  higher  ciyptogams.  The  young 
branches  of  trees  are  always  covered  with  an  epidennis ; at  a 
subsequent  period  a layer  of  cork  is  almost  always  formed  im- 
demeath  it,  by  which  the  epidermis  is  carried  oft'. 

The  epithelium  is  an  epidermis  without  stomata  : it  often 
consists  of  papillose  cells  which  frequently  secrete  a fluid. 
Epithelium  of  this  nature  is  seen  beautifully  in  the  stigma,  in 
the  canal  of  the  style,  and  in  the  ovary  of  jftianerogams  ; the 
velvety  surface  of  many  dift'erent  kinds  of  petals,  such  as  the 
petals  of  roses,  consists  of  a tissue  of  this  nature.  The  epidermis 
of  the  roots  and  rootlets,  which  has  no  stomata,  but  which,  how- 
ever, is  clothed  with  hairs,  is  something  of  the  same  natui’e. 
Schleiden  calls  it  Epiblema. 

The  cork  consists  of  many  tabular  hryers  fomied,  for  the 
most  part,  of  thin-walled  cells.  The  layers  of  cork,  when 
perfect,  contain,  like  the  wood  vessels,  nothing  more  than  air ; 
it  is  frequently,  ])erhaps  periodically,  sloughed  off  with  the 
layer  of  bark  to  which  it  is  attached,  and  it  is  formed  anew 
from  the  new  layer  of  bark.  It  is  beautifully  developed 
in  some  species  of  Maples,  in  Ulmus  suberosa,  in  Quercus 
suber,  &c.  When  the  formation  of  cork  takes  place  in  the 
interior  of  the  bark  the  layer  of  cork  prevents  the  flow  of  sap 
from  the  interior,  and  all  the  cells  exterior  to  the  cork  die 
away.  The  effect  of  such  a foi'mation  of  cork  may  be  observed 
beautifidly  in  Pinus  sylvestris,  Picea  vidgaris,  the  Oak,  and 
other  trees.  I draw  a distinction  between  common  cork  (suber) 
and  leathery  cork  (periderm)  ; the  latter  is  finely  developed  in 
the  Birch,  and  may  be  seen  also  in  Abies  pectinata,  in  the 
beech,  the  alder,  the  cherry,  and  generally  in  all  smooth 
stemmed  trees.* 

Vascular  bundles  are  formed  of  cells  of  different  but  of 
.specified  kinds,  united  together  in  groups,  the  bundles  standing 
in  mutual  relation  to  one  another,  and  forming,  to  a certain 
extent,  a system  which  pervades  the  higher  orders  of  plants. 
Their  origin  may  be  best  traced  in  the  germination  of  the  seed. 


* Upon  this  point  see  the  chapter  on  Wood  and  Bark  in  the  Author’s 
work,  “ Der  Baum.” 
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In  the  part  of  tlie  Einhiyo  which  forms  the  stem,  they  first 
appear  as  a cambium  bundle  immediately  underneath  the 
cotyledons. 

The  elongated  thin-walled  cells,  called  the  cambium  cells,  are 
the  most  essential  part  of  a vascular  bundle.  Peilect  vascular 
l)undles  consisting  only  of  these  cells  are  sometimes,  though 
rarely,  met  with  ; in  the  creeping  root  and  in  the  runners  of 
Epipogium  Gmelini  a slight  indication  of  vessels  is  sometimes, 
though  very  rarely,  to  be  seen ; these  A’essels  apj>ear  fii’st  in  the 
stem  and  in  the  parts  of  the  flower.  In  Najas  and  Caulinia 
no  vessels  but  only  cambium  bundles  are  to  be  found.  Where 
a now  vasciilar  bundle  is  formed,  for  instance,  in  the  embryo  of 
phanerogamous  plants,  it  consists,  in  the  first  instance,  oidy  of 
cambium  cells,  some  of  which,  at  a subsequent  period,  become 
developed  into  vessels.  The  position  of  tliese  cambium  cells 
regulates  the  growth  of  the  vascular  bundle,  as  well  as  the 
nature  of  the  growth  of  the  plant  itself.  In  the  dicotyledonous 
vascular  bundle  the  cambium  layer  is  situated  on  the  outside, 
that  is  to  say,  is  turned  towards  the  periphery  of  the  stem  ; the 
cambium  here  meets  with  no  impediment  in  its  outward  growth, 
it  is  capable  of  forming  new  wood  on  the  inside  and  new  bark 
on  the  outside,  and  by  this  means  the  stem  is  enabled  to  in- 
crease in  circumference.  Schleiden  calls  this  the  free  vascular 
bundle,  in  contradistinction  to  the  closed  vascular  bundle,  that 
is,  the  vascular  bundle  sxuTOuiuled  by  wood-cells. 

The  closed  (or  definite)  vascidar  bundle  is  peculiar  to  mono- 
cotyledons and  the  higher  cryptogams ; in  these  the  cambium 
cells  are  surrounded  by  thickened  cells ; the  vascular  bundle 
cannot,  therefore,  increase  in  circximferencc. 

The  growth  of  the  vascular  bundle  in  the  stem  and  in 
the  roots  of  the  higher  plants  is  jn-omoted  by  a tissue  which, 
in  a transverse  section  of  a stem  or  root,  assumes  an  annular 
form,  and  which  is  to  be  seen  eveii  in  the  axis  of  the  ripe  em- 
bryo, Avhere  it  separates  the  pith  from  the  bark.  This  ring, 
Avhich,  in  the  stem  and  root,  loses  itself  in  the  primary 
parenchyma  of  the  imnctum  vegetationis,  I call  the  cambium 
ring,  or  thickening  ring.  In  this  cambium  ring  the  first  vaserdar 
bundles  of  the  Embryo  originate,  and  by  means  of  it  the 
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circular  disposition  of  tlie  vascular  bundles  and  their  gro^vth 
breadth-wise  is  produced.  The  bimdles,  themselve.s,  increase 
in  length  with  the  growth  of  the  ring.  When  the  ring  becomes 
inactive  the  growth  in  thickness  ceases,  also,  as  is  the  case  with 
the  roots  of  monocotyledons,  where  the  activity  of  the  ring 
ceases  at  an  early  stage.  In  dicotyledons  the  cambium  of  the 
vascular  bundles  coincides  with  the  cambium  ring,  and  each 
vascidar  bundle,  therefore,  progresses  in  growth  on  both  sides, 
forming  wood  and  secondary  bark.  In  monocotyledons  the 
vascular  bundles  ramify  in  the  thickening  ring.  As  the  stem 
therefore  increases  in  thickness,  the  number  of  vascular  bundles 
which  appear  to  be  divided  in  a transverse  section  increases 
also.  As  the  cambium  of  the  monocotyledonous  vascular  bundle 
does  not  coincide  with  the  cambiimr  ring,  it  does  not  grow 
on  both  sides,  and  therefore  thei’e  is  no  marked  separation 
of  the  wood  and  bark  of  the  vascular  bundle,  nor  is  there  any 
special  wood-ring.  The  vascular  bundle  ramifies  in  the  cam- 
bium ring  without  itself  increasing  in  size.  The  same  circum- 
stances take  place  in  the  higher  Cryjitogamia.  The  thickening 
ring  itself  may  be  studied  in  the  stem  of  Isoetes,  and  its  effect 
upon  the  growth  of  the  vascular  bundle  may  be  observed  in 
Ui-tica.  The  ramification  of  the  vascidar  bundle  tlu’ough  the 
cambiiun  ring  is  seen  in  the  germination  of  Palms  and  other 
monocotyledons,  whilst  the  germination  of  trees  with  acerose 
or  deciduous  leaves  exhibits  the  effect  of  the  cambium  ring  in 
the  formation  of  wood  and  secondaiy  bark.* 

Besides  the  cambium  cells,  which  are  never  wanting,  the 
vascidar  bundles  generally  contain  vessels  and  wood-cells.  V essels 
are  cells  placed  one  above  another,  whose  transverse  iiartition- 
walls  are  broken  through,  and  which  contain  air.  The  arrange- 
ment of  the  vascular  bundles  of  dicotyledons  can  only  l>e 
studied  at  the  apex  of  a young  shoot,  or  in  the  embryo,  where 
each  newly-formed  vascidar  bundle  can  be  distinguished  sepa- 
rately. They  may  be  studied  beautifully  in  Viscum,  Tilia,  and 
Pinus.  In  Palms  the  cambium  layer  is  situated  between  the 


* See  “ Die  Pflanzenzelle,”  p.  246,  and  “ Der  Baum,”  p.  1 08,  by  the  Author 
of  this  work. 
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large  vessels  and  the  woody  fibres,  which  are  generally  much 
developed  ; in  Ferns,  it  surround  the  vessels,  but  is  itself  sur- 
rounded by  a more  or  less  strongly  develoj)ed  ring  of  wood- 
cells. 

Vascular  bundles  are  never  formed  in  the  bark;  tliey  pass, 
however,  from  the  stem  through  the  bark  into  the  bi’anches 
and  leaves ; if,  therefore,  a horizontal  section  be  made  through 
the  balk,  the  vascular  bundles  appear  to  be  cut  through  in  an 
oblique  dmection. 

The  bundles  of  the  liber  are  those  parts  of  the  dicotyledonous 
vascular  bundles  which  lie  in  the  bark,  the  woody  part  of  which 
forms  the  wood-ring  of  our  trees.  In  Viscum,  liber-cells  are 
found  intermixed  with  woody  fibre.  The  liber  bundles  in  the 
bark  of  some  Palms  are  branches  of  vascular  bundles,  the 
cells  of  which  have  become  developed  as  liber-cells.  Liber 
bundles,  or  bundles  of  a precisely  similar  natm-e,  are  to  be 
found,  though  less  frequently,  in  the  interior  of  the  stems  of 
Palms.  In  the  Apocynese  and  Asclepiadeae  liber-cells  are  to  be 
found,  which  contain  a milky  juice.  The  so-called  laticiferous 
vessels  of  the  Euphorbiacese,  Papaveracese,  (tc.,  are,  according 
to  my  observations,  branched  laticiferous  liber-cells.  Real 
laticiferous  vessels  j^ervading  j)lants  in  a continuous  net-like 
form,  and  concerning  which  so  much  nonsense  has  been  wi-itten, 
are,  as  far  as  my  observations  extend,  very  seldom  to  be  met 
with.  The  so-called  laticiferous  vessels  of  Fungi  are  cells  con- 
taining a coloured  juice. 

At  the  points  where  many  cells  meet  there  ai'e  frequently  to 
be  found  between  the  cells,  chasms,  filled  sometimes  with  air, 
and  sometimes,  though  less  frequently,  with  fluid.  These  are 
called  the  intercellular  spaces ; they  are  to  be  seen  beautifully 
in  a transverse  section  of  the  leaf  stalk  of  Cycas  revoluta ; 
they  are  also  to  be  found  in  most  parenchymatal  tissue,  such  as 
the  pith  of  most  trees.  These  intercellular  si^aces  form,  as  it 
were,  continuous  air-passages  surrounding  the  cells,  which  air- 
passages  seem  to  debouch  into  the  breathing  pores  underneath 
the  stomata. 

In  adtbtion  to  the  above,  we  meet  with  air-passages  or  air- 
canals,  i.  e.,  larger  sjiaces  filled  with  air  which  traverse  portions 
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of  }jlaiits  to  a greater  extent,  and  Avhich  are  foiind  especially  in 
water-2)lants,  as  in  the  leaf-stalk  of  Nyni})hcea.  The  cells  of 
plants  vary  very  much,  according  to  their  functions.  One  kind 
of  cell  recpiires  different  chemical  substances  from  another  ; one 
kind  of  cell  effects  changes  in  the  same  chemical  substances 
different  from  those  produced  by  another  kind  of  cell ; whence 
arises  the  different  nature  of  the  contents  of  the  cells  of  one 
and  the  same  plant.  As  one  cell  operates  upon  another,  so 
one  cell  affords  nomishment  to  another  cell.  The  whole  plant 
is  a compound  entity  consisting  of  many  cells  of  unlike  pro- 
per tiea  The  life  of  the  plant  can  only  be  learut  by  studying 
the  life  of  its  cells. 
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CHAPTER  VII. 

CONCERNING  THE  METHOD  OF  INVESTIGATION. 

The  successful  result  of  any  inquiry  depends,  to  a very  great 
extent,  upon  the  method  of  investigation  which  may  be  adopted  ; 
if  the  method  is  accurate,  the  result  will  be  valuable ; if,  on 
the  other  hand,  the  method  be  erroneous,  the  result  will  prove 
nothing.  The  method  is  accurate  when  it  is  adapted  to  the 
question  which  it  is  wished  to  determine,  and  to  the  object 
which  is  under  examination.  It  is  necessary,  therefore,  that 
the  question  should  be  accurately  pi’opounded,  and  that  an 
accui'ate  use  should  be  made  of  the  proper  means  for  sohing 
the  question.  In  order  to  be  able  to  propomid  the  question 
properly,  it  is  necessary  to  know  beforehand  why  the  question 
is  j)ut  in  one  form  instead  of  another,  and  what  it  is  that  the 
answer  will  determine;  in  order  to  be  able  to  make  use  of  the 
proper  means  for  solving  the  question,  these  means,  and  the 
effect  to  be  produced  by  them,  must  both  be  known. 

Before  entering  upon  investigation  therefore  it  is  necessary 
to  obtain  a general  acquaintance  with  the  object  to  be  investi- 
gated. With  i-egard  to  philosoiihical  questions  which  are  still 
matters  of  controversy,  this  knowledge  only  will  not  be  suffi- 
cient; in  this  case  it  is  necessaiy  to  be  acquainted  with  the 
different  views  which  have  been  taken  of  the  question,  and  the 
investigations  upon  which  those  Hews  have  been  founded. 
Before  publishing  any  philosophical  treatise,  the  writer  should 
not  neglect  to  make  himself  familiar,  as  far  as  possible,  with  all 
the  recent  observations  upon  the  matter  in  question.  By  pro- 
ceeding thus,  he  will  be  far  less  likely  to  overlook  aiij^thing  of 
importance,  he  will  obtain  more  extensive  ideas  of  the  subject, 
liLs  enquiries  will  be  better  grounded,  he  will  be  able  more 
distinctly  to  ascertain  the  value  of  the  opinion  which  he  had 
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himself  formed  upon  the  matter,  and  will  thus  arrive  at  a more 
certain  result.  In  addition,  he  will  obtain  a general  liLstorical 
view  of  the  progress  of  developement  of  the  tpiestion  at  issue. 

The  great  progress  which  has  been  made  in  natural  philo- 
sophy in  this  centiuy  is  owing,  in  a great  degree,  to  the 
adoption  of  the  method  of  induction,  which  alone  is  capable  of 
furthering  such  progress.  Although  the  method  of  induction 
leads  from  individual  to  general  results,  that  is  to  say,  from 
the  part  to  the  whole,  I should,  nevertheless,  in  microscopical 
investigations,  presuppose  a superficial  general  knowledge  of 
the  object  to  be  examined.  An  accurate  investigation  of  the 
individual  parts  of  the  whole  will  then  lead  to  an  accurate 
acquaintance  with  the  object  in  all  its  particulars;  in  other 
words,  investigation  must  begin  with  generalities,  must  pass 
from  generalities  to  details,  and  lead  through  the  details  to  an 
acciu’ate  acquaintance  with  the  whole. 

It  will,  perhaps,  be  objected  that  a superficial  acquaintaiice 
with  an  object  is  imnecessary  for  the  examination  of  its  details. 
I believe,  however,  that  although  in  some  cases  an  accui’ate 
acquaintance  with  the  whole  may  be  obtained  without  such 
superficial  acquaintance  in  the  first  instance,  nevertheless,  the 
inquirer  is  far  more  liable  to  be  deceived,  and  consumes  fai* 
more  time  by  proceeding  without  it.  In  the  inqviiries  con- 
nected with  the  develojoement  of  plants,  I consider  it  in  many 
cases  impossible  to  anive  at  an  accurate  result  without  a 
superficial  acquaintance  with  all  the  parts  of  the  plant  in  a 
l^erfect  state,  inasmuch  as,  without  such  knowledge,  the  observer 
cainiot  tell  what  points  to  direct  his  attention  to,  nor  what 
inquiries  he  should  set  on  foot.  I call  the  knowledge  of  the 
entire  perfect  plant,  which  is  obtained  by  the  naked  eye,  or 
by  the  help  of  a magnifying-glass,  a superficial  knowledge,  in 
opposition  to  the  more  accmute  knowledge  wliich  is  obtained  by 
a complete  examination,  within  and  without,  of  the  individual 
parts  with  different  magnifying  powers.  If,  in  this  latter  way, 
tlie  observer  has  become  acquainted  with  the  individual  parts, 
and  their  relation  to  one  another,  he  naturally  becomes  ac- 
quainted with  the  whole  plant,  and  that,  not  superficially,  as 
in  the  fii’st  instance,  but  accurately,  both  within  and  without. 
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Tlie  covu’se  of  investigation  to  be  adopted,  is,  in  its  funda- 
mental princi2)les,  always  the  same,  but  it  must,  as  lias  been 
observed,  be  moditied  in  different  ways,  according  to  the  sort 
of  question  wliicli  is  required  to  be  solved,  and  the  nature  of 
tlie  object  to  be  examined.  Tlie  investigation  of  tbe  outward 
form  will  require  a different  mode  of  proceeding  from  that 
whicli  must  be  adopted  in  inquiring  into  the  circumstances 
relating  to  structure.  The  inquiries  into  the  develojiement  of 
different  portions  of  }dants  must  be  conducted  differently  from 
tliose  connected  with  the  developemeut  of  the  cells.  It  often 
happens  in  the  course  of  an  investigation  that  the  inquirer  is 
led  aside  to  a collateral  question;  it  not  unfrequently  happens 
that  the  principal  question  itself  becomes  essentially  changed 
during  the  investigation.  The  collateral  questions  generally 
require  a particidar  answer;  the  princijial  question  must  never 
be  lost  sight  of  in  answering  the  collateral  ones;  particular  care 
must  be  taken  to  endeavour  to  throw  light  upon  the  principal 
question  from  all  possible  sources,  for  which  jnirpose  the  col- 
lateral questions  frequently  afford  opportunity.  In  this  case 
they  must  never  be  neglected.  Wliere,  on  the  contrary,  they 
have  no  bearuig  upon  the  })rincipal  question,  it  is  often  better 
in  the  first  instance  to  pass  them  by.  In  carrying  out  the 
investigation,  care  must  be  taken  to  pay  attention  to  every 
point  Avhich  can  in  any  way  fiicilitate  the  solution  of  the  prin- 
cipal question;  everything  must  be  most  accui-atcly  weighed, 
and  examined  most  fully  and  scrupulously.  By  this  means  a 
safe  result  will  be  obtained.  The  collateral  questions  which 
have  no  beai’ing  upon  the  i)rincipal  question,  frequently  leave 
materials  for  future  investigations. 

INIy  own  experience  leads  me  to  think  that  it  is  not  adrtsable 
to  be  occupied  with  many  investigations  at  the  .same  time. 
One  complete  inve.stigation  sufficiently  employs  the  mind  and 
tlie  time  of  the  observer.  The  work  Avill  not  be  so  well  per- 
formed if  it  is  always  being  changed.  Inquiries  relative  to 
the  developemeut  of  a iilant,  sometimes  form  an  exception  to 
this  rule,  since  it  not  unfrequently  liap|)ens  that,  in  order  to 
follow  out  the  .successive  developements,  it  is  necessary  to  examine 
the  same  object  from  week  to  week.  In  such  cases  it  may  be 
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well  in  tlie  mean,  time  to  carry  out  some  other  investigation, 
but  then  it  is  indispensable  for  the  ob.-server  to  keep  written 
memoranda  of  his  observations,  and  a note  of  the  date  of  them, 
inasmuch  as  the  determination  of  the  length  of  time  within 
which  any  particidar  portion  of  a plant  of  which  the  progi'es- 
sive  stages  have  been  watched,  comes  to  perfection,  is  often  a 
matter  of  great  importance. 

From  the  manifold  variety  of  plants  and  their  different 
members,  it  is  hardly  possible  to  point  out  an  accm-ate  method 
of  proceeding  for  all  possible  cases;  the  experienced  observer 
will  know  how  to  lay  out  a plan  of  proceeding  suitable  to  the 
question  proj^osed,  and  in  accordance  with  the  nature  of  the 
object;  to  the  less  expei-ienced  observer,  however,  I will  give 
as  good  ad\dce  and  assistance  as  I can.  1 must  here  separate 
the  investigation  of  perfect  plants,  or  of  portions  of  perfect 
plants,  from  the  inquiries  relating  to  their  developement,  and  I 
prefer  to  begin  with  the  former  as  being  the  most  easy.  Both 
divisions  of  the  subject  must  be  treated  from  two  points  of 
view;  from  the  morphological,  which  relates  to  their  outward 
form,  and  the  anatomical,  which  relates  to  their  internal 
stmcture.  I recommend  everybody  who  is  able  to  di*aw,  to 
represent  on  paper,  as  accurately  as  possible,  all  the  objects 
which,  in  any  microscopical  inquiries,  may  appear  to  liini 
interesting  or  important;  and  to  add  short  notes  of  everything 
which  cannot  be  accurately  represented  by  the  drawing.  Too 
much  cannot  be  done  in  this  way.  In  matters  relating  to 
morphology,  simple  and  accurate  outlines  are  often  quite  suffi- 
cient; in  anatomico-physiological  inquiries,  on  the  other  hand, 
every  individual  cell  with  its  contents  must  be  accm-ately 
repi’esented.  By  a series  of  such  di-a-svings,  to  which  in  diffi- 
cult cases  mounted  objects  must  be  added,  a comparison  of 
the  different  paids  of  plants,  or  of  the  different  conditions  of 
developement  of  particular  portions  of  plants,  is  much  faci- 
litated ; by  this  means  also,  the  knowledge  of  them  is  advanced, 
and,  in  many  cases,  can  oidy  thus  be  obtained. 

Accui'ate  drawings  should  always  be  made  at  the  time  of 
everything  which  appears  to  be  inq>ortant. 

If  the  observer  di-aws  with  the  camera-1  ucida,  and  has  some 
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experience  in  tlie  maiiagenient  of  tlie  pencil  and  brush  and  in 
the  use  of  colour,  the  loss  of  time  will  be  compensated  tenfold 
bj  the  value  of  the  drawings.  Drawings  from  memory  are  in 
all  cases  to  be  deprecated,  inasmuch  as  they  only  afford  a repre- 
sentation of  the  observer’s  ideas,  and  not  of  the  object  itself ; 
these  ideas  are  subjective,  and  therefore  liable  to  be  erroneous. 

Besides  making  drawings  and  preserving  objects,  it  is  a good 
plan  to  make  notes  at  the  time  of  everything  that  appears  to 
be  important,  and  even  of  matters  which  may  not  at  the  time 
.seem  to  be  of  much  value,  inasmuch  as  during  an  investigation 
it  is  impossible  to  tell  in  many  cases  what  influence  small 
matters  may  have  over  the  result.  It  is  unsafe,  esjiccially  in 
extensive  investigations,  to  rely  upon  the  memory ; by  so  doing 
many  things  will  be  forgotten,  and  many  things  insufliciently 
or  inacciu-ately  described.  Short  notes  should  always  be  made, 
at  the  latest  the  same  evening,  of  the  things  which  have  been 
observed  during  the  day,  and  it  is  usefid  to  add  the  date  of  the 
observation. 

It  is  indispensable  also  to  preserve  a memorandum  of  the 
magnifying  power  employed.  In  difficult  cases  a note  should 
be  made  both  of  the  object-glass  and  eye-glass  employed,  inas- 
much as  it  is  by  no  means  the  same  thing  whether  an  observation, 
in  other  resjiects  similar  as  regards  magnifying  power,  was  made 
with  a strong  object-glass  and  a low  eye-glass,  or,  on  the  cou- 
ti-aiy,  with  a low  object-glass  and  a powerfid  eye-glass.  An 
observation  with  a powerful  object-glass  and  a low  eye-glass 
wiU  always  carry  far  more  weight.  Low  magnifying  powers 
ai'e  generally  sufficient  for  purely  morphological  investigations  ; 
in  these  cases  it  will  frequently  be  necessary  to  employ  incident 
light;  the  prej)ai*ation  of  the  object  will  here  generally  be 
limited  to  a separation  of  its  parts;  the  simple  microscope  and 
the  needle, will  have  to  be  iised  more  than  the  knife  for  the 
separation  of  small  ])arts.  It  will  very  seldom  happen  that  an 
observation  of  the  outer  form  alone  will  be  satisfactory ; it  will 
generally  be  desirable  to  inquire  also  into  the  internal  construc- 
tion of  some  one  i>art  or  another ; anatomical  investigation 
must  therefore  be  added  to  the  morphological.  For  anatomical 
investigations  transmitted  liglit  is  fiir  more  generally  employed. 


THE  MICROSCOPE. 


95 


and  tlie  use  of  the  knife  will  he  found  of  great  iinjDortance ; the 
needle  and  the  simple  microscope  will  only  be  of  ser\dce  in 
improving  thin  sections  by  the  removal  of  unnecessary  portions 
of  them.  The  use  of  re-agents  will  throw  a light  upon  the 
chemical  nature  of  particular  parts. 

Since,  then,  morphological  and  .anatomical  investigations  go 
hand  in  hand,  I will  treat  of  them  both  together.  I thiidc  it  is 
the  best  plan  to  begin  with  the  lower  orders  of  plants,  as  being 
the  simplest  products  of  the  vegetable  kingdom,  and  to  lias's 
from  them  to  the  investigation  of  the  more  highly-developed 
plants.  For  the  same  reason,  I should  advise  the  beginner  to 
commence  his  studies  with  the  lower  orders  of  plants;  the 
minuteness  of  their  parts  will  prove  but  little  hindrance  to  him 
when  he  has  gained  some  dexterity  in  preparation  with  the 
simple  microscope.  In  investigating  the  more  highly-organized 
plants  far  gi’eater  difficulties  will  be  met  with;  difficidties  will 
arise  which  can  only  be  unravelled  by  an  accrmate  and  general 
knowledge  of  their  construction. 

In  entering  more  in  detail  into  the  methods  of  investigation 
to  be  employed,  the  inquiry  into  the  origin  of  the  plant,  in 
other  words,  the  history  of  its  developemerrt,  must  be  separated 
from  the  investigation  of  the  perfect  plant.  We  will  begin 
wdth  the  latter. 

On  tliC  niftliort  of  examining-  tlie  Perfect  Plant. — Amongst 
the  Cryptogamic  plants,  the  cellular  plants,  that  is  to  say, 
those  which  have  rro  clearly  developed  vascular  bundles,  such  as 
Fungi,  Algte,  Lichens,  Characese,  Mosses,  and  Liverworts,  are 
the  most  simple.  Irr  the  first  four  groups,  notwithstanding  the 
gi'eat  variety  of  form  wliich  exists  iir  their  individual  parts,  no 
division  into  stem  arrd  leaves  can  be  found;  real  leaves,  that  is 
to  say,  organs  which  have  a differerrt  process  of  developement 
from  that  of  the  stem,  appear  ffi-st  irr  the  Mosses  and  Liver- 
worts. Hardly  airy  preparation  is  necessary  for  the  examination 
of  the  lowest  forms  of  Fuirgi,  such  as  the  fioccrdent  fungi,  which 
is  the  cla-ss  to  which  the  different  sorts  of  mould  belong;  nor  is 
any  preparation  necessary  for  the  examination  of  the  lowest 
forms  of  Algte,  viz.,  the  Confervte,  which  consist  only  of  celluhar 
threads.  It  is  sufficient  irr  these  cases  to  disentangle  the 
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twisted  threads  lender  the  simple  microscope  by  the  help  of  a 
needle,  and  to  clean  the  plants  by  rinsing  them  with  water. 
Particular  attention  must  be  paid  to  the  natui-e  of  the  cells, 
both  with  regard  to  their  walls  and  their  contents;  the  use  of  a 
solution  of  iodixie,  and  of  iodine  and  sulphuric  acid,  will  often 
be  advisable.  The  constimction  of  the  Characeje  also  may  be 
studied  tolerably  well  without  any  s]:)ecial  preparation;  they 
are  frequently  encrusted  with  carbonate  of  lime,  which  may 
be  removed  with  very  dilute  sulphuric  acid. 

Cell-division  may  be  observed  in  some  of  the  Algte,  par- 
ticularly in  Cladophora  and  Ulothrix ; and  in  doing  this  the 
use  of  chemical  re-agents  is  of  great  importance. 

In  examining  the  anatomy  of  the  more  highly  developed 
Fungi  (such  as  the  Pileati  and  Cupiilati),  or  that  of  the  higher 
ordei’s  of  Algpe,  such  as  the  Fucacefe,  or  that  of  Lichens,  it  is 
necessary  to  take  thin  sections  from  different  parts  of  the  ]>lants, 
and  in  diffei’ent  but  definite  directions.  Dry  Fucacese  and 
Lichens  may  be  very  well  softened  by  letting  them  lie  for  some 
hours  in  cold  water ; the  section  may  be  made  either  with  the 
unassisted  hand  or  between  cork.  In  examining  Fungi,  fresh 
specimens  shoiild  be  used;  dry  specimens  should  never  be 
used  for  examination  when  it  is  possible  to  obtain  fresh  plants ; 
in  inquiries  connected  with  the  developement  of  plants  fresh 
specimens  are  indispensable. 

In  certain  of  the  Pileate  fungi  the  formation  of  the  spores 
must  be  sought  for  on  the  under-side  of  the  Pileus,  where  ^^'ill 
be  seen  the  sterigmata,  that  is  to  say,  stalk-like  elongations  of 
the  outer  extremity  of  the  cells;  upon  this  elongation  a spore 
is  formed,  which,  by  the  sepai-ation  of  the  stalk,  becomes  free; 
each  spore-cell  or  basidium  generally  produces  four  of  these 
stalked  spores,  but  there  are  certain  genei'a  in  which  Basidia 
are  met  with  bearing  only  two  or  even  one  spore,  as  for  instance 
Calocera  viscosa.  The  spores  of  the  higher  Algse  are  situated 
partly  upon  the  surfoce  and  partly  in  the  hollows  of  the  thallus, 
and  sometimes  in  peculiar  fructifying  branches,  as  in  Fucus, 
where  the  fiaiit  is  developed  at  the  extremities  of  the  thallus, 
and  therefore  it  must  be  sought  for  by  making  a series  of 
transverse  sections  beginning  at  the  extremity,  and  longitudinal 
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sections  through  the  middle  of  the  thallus.  In  licJiens  the 
spores  are  found  in  peculiar  sacs  or  asci  surrounded  by  para- 
physes;  the  parts  of  the  thallus  at  which  the  fructification 
occurs  generally  assume  the  appearance  of  bowls  or  cups.  As 
specimens  of  Lichens,  may  be  mentioned  Borrera  ciliai'is  and 
Peltigera  canina,  or  Peltigera  venosa.  Fresh  specimens  oidy 
can  be  used  for  examining  the  developement  of  the  spores ; a 
weak  solution  of  iodine  renders  the  asci  and  paraphyses  more 
or  less  blue. 

There  is  no  broadly  defined  anatomical  distinction  between 
Lichens  and  Fungi,  since  there  are  many  of  the  latter  which 
perfect  their  spores  in  the  intex-ior  of  spore-tubes  (asci),  as  for 
instance,  Txiber  cibarium,  Helvella,  Morchella,  and  Peziza. 

The  tissue  of  the  higher  Fungi,  as  well  as  of  Lichens,  consists 
of  threads  fonned  of  cells  iixxxch  entangled  with  one  another ; 
even  the  gonidials  cells  of  Lichens  appear  to  me  to  be  formed  of 
filaxnentous  tissue,  the  cells,  however,  being  shoidei’,  and  still 
more  eixtangled,  as  is  the  case  in  Calocera  viscosa.  The  spoi'e- 
cells  {i.  e.,  the  Asci  and  Basidia)  are  the  teiTninal  joints  of  these 
cellular  thi’eads.  It  is  sometimes  possible  by  making  delicate 
sections,  and  boiling  them  in  watex’,  or  treatiixg  thexxi  with  axx 
alkali  to  detach  the  ixxdividual  cellxxlar  threads  froxn  oxxe  axxothex', 
axxd  to  ascertaixx  their  mode  of  attachxxxent  inter  se.  The  tissxxe  of 
Fuixgi  is  seldom,  if  evex-,  turned  blue  by  iodixxe  axxd  sulphxxx-ic  acid. 

Ixx  the  Fucacese,  the  form  and  arraxxgement  of  the  cells  vary 
considex'ably  according  to  the  species  of  the  jxlaxxt ; since  eloxx- 
gated  cells  are  to  be  foixxxd  iix  thexxx,  it  is  indispexxsably  necessaxy 
that  a longitixdinal  sectioix  through  the  middle  of  the  thallus 
shoxxld  be  taken  in  addition  to  a tx-axxsvex'se  sectioxx.  The 
genus  Caxxlerpa  is  of  a xnost  elegaxxt  stx’ixcture.  It  consists,  of  a 
single  cell,  which,  according  to  its  forxn,  may  be  looked  ixpoxx  as 
a stem,  leaf,  or  x’oot.  The  very  thick  wall  of  this  single  cell 
sends  oxxt  braixched  threads  of  cellulose  into  the  intex-ior  of  its 
hollow.  A similar  forxxxatioxx  is  foixxxd  in  the  antex-ior  sac- 
shaped  prolongation  of  the  embryo-sac  of  the  half-x-ipe  seed  of 
Pedicularis  sylvatica.*  In  examining  this  fox’xnatioxx  it  is 


* See  Schacht,  “ Die  PflanzenzeUe,”  p.  140,  Taf.  1,  Figs.  7,  8,  10. 
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necessary  to  make  delicate  transverse  and  longitudinal  sections.* 
The  re-agents,  such  as  iodine,  the  iodized  solution  of  chloride  of 
zinc,  and  iodine  and  sulphuric  acid,  must  not  be  neglected. 

The  so-called  antheridia  of  the  Florideaj  and  Fucaceie  (di\d- 
sions  of  the  higher  Algje)  are  not,  in  my  opinion,  of  the  same 
natiu-e  as  the  real  antheridia  of  the  higher  Cryptogams,  in 
which  mo\'ing  spiral  threads  (antherozoids)  are  developed.  In 
the  above-named  Algse  there  are  certain  special  cells  in  which 
numei’ous  very  minute  cells  are  developed,  which  latter  cells 
become  free.  Tlim'ct,  in  the  “ Annales  des  Sciences  Naturelles,” 
1854,  states  that  in  the  Floridete  tliese  latter  cells  ai’e  motion- 
less, and  unprovided  with  cilia,  whilst  in  the  Fucacese  on  the 
other  hand,  they  have  motion,  and  are  fiumished  with  a long 
vibrating  cilium  and  a short  motionless  one.  Similar  organisms 
occurring  in  the  Lichens  were  also  called  antheridia  by 
Itzigsolm.  I have  satisfied  myself  that  the  antherozoids 
which  Itzigsolm  thought  he  saw  are  not  present,  but  there  may 
l)e  small  free  cells  devoid  of  motion.  Tulasne  and  de  Bary 
have  directed  attention  to  certain  small  cells,  unconnected  with 
the  foniiation  of  real  spores,  which  in  many  Lichens  and  Fimgi 
are  formed  in  particular  ])laces,  and  in  a particular  manner. 
These  small  cells,  the  relation  of  which  to  the  plant  is  not  yet 
understood,  but  which  exert  no  influence  upon  the  germination 
of  the  true  spores,  may  perha})s  be  analogous  to  the  above- 
mentioned  cells  of  the  so-called  antheridia  of  the  Floridese 
and  Fucacere.  They  have  been  called  S]iermogonia.t 

In  the  Characeie,  as  well  as  in  the  following  gi’oxi])S  of 
cryptogamous  plants,  true  antheridia  are  knovui  to  exist.  In 
the  more  highly  develojxed  groiqxs,  however,  such  iis  the 
Equisetacefe  and  the  Ferns,  the  antheridia  are  not  found  in  the 
perfect  plant,  but  at  the  time  of  germination.  The  antheridia 
are  of  a much  more  complex  form  in  the  Chax’aceaj  than  in  the 
rest  of  the  cryptogams ; the  cells  in  which  the  spiral  filamejits 
are  developed  are  here  strung  together  like  a i-ow  of  pearls, 
whilst  in  the  antheridia  of  all  other  cryptogams  they  appe;ir 


* See  “ Die  Pflanzeuzelle,”  p.  2(5,  Taf.  VI.,  Figs.  1 — 5,  and  Fig.  8. 
t See  de  Bary  “ Uber  die  Braudpilze.”  Berlin,  bei  G.  Y\'.  F.  Midler,  1853. 
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separate.  The  spores  also  of  the  Characese  differ  in  tlieir 
position  and  construction  from  the  S])ores  of  all  the  other 
Cryptogams ; a single  large  cell,  the  true  spoi'e,  is  surrounded 
by  a special  covering  formed  of  five  cells,  which  answers  to  the 
Archegonium  or  pro-thallus  of  the  Ferns.  In  the  cells  of  the 
stems  of  the  Chai’aceie  the  motion  of  the  juices  of  the  cell  may 
often  be  well  obseiwed  ; the  species  Nitella  is  the  best  for  this 
purpose ; fresh  vigoi-ous  plants  should  be  taken  during  warm 
weather,  and  examined  as  soon  as  possible. 

In  the  Mosses  and  Liverworts  we  first  meet  with  a stem  and 
leaves ; both  parts  must  here  be  particularly  noticed.  The 
leaves  of  the  Liverwort  always  consist  of  a single  layer  of  cells  ; 
the  mid-rib,  which  characterizes  the  leaves  of  IMosses,  is  always 
wanting.  In  both  these  plants  it  will  generally  be  sufficient  to 
examine  the  leaves  externally,  but  it  is  not  so  Avith  the  stem  ; 
careful  longitudinal  and  transverse  sections  must  be  taken  from 
the  stem,  either  with  the  unassisted  hand  (which  may  be  done 
by  a little  perseverance),  or  by  the  section  instrument.  It  is, 
moreover,  by  no  means  impossible  to  make  thin  transverse 
sections  of  the  leaves.  By  treating  the  stem  of  Cynclidium 
stygium,  or  the  leafy  stem  of  Diplolsena  Lyellii,  in  this  manner, 
the  first  indications  of  a central  vascrdar  bundle  will  be  seen, 
consisting  of  elongated  narrow  cells ; in  Sphagnum,  on  the 
other  hand,  is  to  be  found  a concentric  ring,  consisting  of  elon- 
gated, thickened,  broAvn  cells,  Avhich,  to  a certain  extent,  makes 
a division  between  pith  and  bark,  and  which  is  siuToiinded  by 
large  perforated  cells,  Avhich  form,  as  it  were,  the  bark.  In 
Plagiochila  and,  as  I believe,  in  all  leafy  liverworts,  as  well  as 
in  many  mosses,  the  cells  of  the  circumference  of  the  stem  are 
thickened,  but  every  indication  of  the  Avascular  bundles  is 
wanting.  The  Avhole  construction  of  these  little  plants  is  far 
more  complicated  than  that  of  the  before-mentioned  groups  ; 
this  complexity  is  seen  pai-ticidarly  in  the  construction  of  the 
reproductiA'e  organs ; in  these  plants  Ave  meet  Avith  pistillidia, 
that  is,  organs  in  Avhich  the  young  fruit  is  deA^eloped ; and  Ave 
generally  find  leaves  Avhich  protect  the  pistillidia.  In  LiA^er- 
Avorts,  the  morphology,  and  the  form  and  arrangement  of  the 
lea\"es  Avith  respect  to  the  stem,  as  Avell  as  of  the  pei-ichartial 
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leaves  and  perigone  witli  respect  to  the  fruit,  can  be  best  studied 
with  the  simple  niicrosco})e,  or  upon  the  stage  of  the  simple 
microscope  by  the  help  of  a magnifying-glass.  The  bent  needle, 
or  the  knife-shaped  needle,  is  of  great  service  here  for  sepa- 
rating particular  poi-tions  of  the  plants.  In  the  ripe  fruit,  at- 
tention must  be  j)aid  to  the  construction  of  its  wall,  and  to  its 
contents.  Thin  longitudinal  and  transverse  sections  made 
through  the  half-ripe  fruit  of  a moss  afford  a beautiful  explana- 
tion of  the  consti'uction  of  the  fruit,  of  the  peristome,  of  the 
calyptra,  &c.  The  ripe  spores  must  be  examined  in  the  same 
wjiy  as  pollen ; that  is  to  say,  in  the  diy  state,  and  immei-sed  in 
water,  in  oil  of  lemons,  and  in  concenti-ated  sid2)luu-ic  acid.  In 
examining  the  elaters  of  LiA^ei-^voi-ts,  attention  must  be  paid  to 
the  nature  of  their  connexion  with  the  spore-case,  and  to  the 
arrangement  of  the  single  or  double  spiral  band  within  the  cell. 
The  cell  is  liable  to  be  overlooked  on  account  of  the  delicacy  of 
its  walls.  Mosses  and  Liverworts  are  furnished  with  antheridia, 
and  the  iDoints  for  the  observer  to  notice  are,  what  j)osition 
they  occupy  on  the  plants ; whether  they  are  situated  on  the 
Siime  plants  as  the  pistillidia,  or  on  different  plants ; what  is  the 
time  of  their  appearance,  what  is  their  form,  whether  elongated 
or  round,  whether  their  stalks  are  long  or  short,  and  lastly, 
whether  they  are  provided  with  a single  outer  coat,  as  is  the 
case  with  most  Mosses  and  Liverworts,  or  with  a double  coat, 
as  in  Haplomitrium.  If  the  antheridium  is  ripe,  it  generally 
bursts  of  itself  wdien  placed  ujion  a slide  in  water ; the  time  in 
which  this  takes  place  varies  from  five  to  fifteen  minutes.  In 
the  Mosses  (Polyti'ichum  for  instance)  the  ripeness  of  the 
antheridia  may  be  ascei'tained  by  the  exudation  of  a milky 
fluid  upon  the  application  of  a gentle  pressxrre.  The  smallest 
possible  quantity  of  the  milky  fluid  exhibits  under  the  micro- 
scope numberless  antherozoids  in  rapid  motion.  In  order  to 
see  the  spiral  filaments  properly,  it  would  be  best  to  make  use 
of  the  strongest  object-glass  and  the  lowest  eye-glass ; the  ad- 
dition of  a solution  of  iodine  immediately  pxits  a stop  to  all 
motion.  The  form  of  the  spiral  filaments  is  often  best  seen 
after  their  movements  have  stopped.  It  is  a good  plan  also  to 
])ermit  the  antherozoids  when  dispersed  throughout  the  water  to 
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diy  slowly  upon  tlie  glass  slide.  They  should  he  covered  with 
a thin  j^iece  of  covering  glass,  and  examined  as  soon  as  the 
water  has  evapox*ated.  By  this  means  the  peculiar  cilium, 
which  in  Polytrichum,  Sphagnum,  Pellia,  Plagiochila,  and 
Haplomitrimn,  is  single  and  bears  a resemblance  to  a long  whip- 
lash, becomes  very  visible.  The  number  of  the  thicker  coils  of 
the  antherozoid  and  its  delicate  prolongation  should  then  be 
observed.  Thuret  states  that  two  vibrating  cilia  are  to  be 
found  in  Mosses  and  Liverworts.  I find,  however,  that  it 
the  antherozoid  is  in  such  a position  as  to  enable  the  observer 
to  see  clearly  the  transition  from  the  lash-like  to  the  thicker 
portion,  only  one  long  cilium  is  to  be  found.  The  di’ied  aothe- 
rozoids  may  be  kept  for  years,  if  the  edge  of  the  glass  cover 
be  smeared  with  gum-mucilage.* 

In  the  Rhizocarpje  (which,  according  to  the  recent  investi- 
gations of  Mettenius  and  Hofmeister  certainly  belong  to  the 
Cryptogamia),  as  well  as  in  the  groups  of  plants  after-mentioned, 
clearly  defined  vascxtlar  bundles  are  found,  in  addition  to  the 
leaves  and  stem.  The  spores  and  antheridia  appear,  in  the 
perfect  plant,  either  separate,  or  luiited  and  enclosed  in  peculiar 
protective  organs.  In  Salvinia  and  Pilularia  very  good  trans- 
verse and  longitudinal  sections  of  the  stem  and  leaves  may  be 
obtained  by  the  help  of  the  section  instrument ; the  protective 
organs  of  the  spores  and  antheridia  must  be  cixt  through  with 
the  unassisted  hand.  The  same  rule  will  apply  to  the  spore, 
which  must  be  jilaced  upon  the  finger,  and  treated  with  the  razor 
in  the  same  manner  as  is  hereafter  recommended  for  the  ovifle. 

In  the  Lycopodiacese,  Equisetacepe,  and  Pteridete,  the  stem, 
the  leaves  with  the  developed  stomata,  and  the  organs  of  fructi- 
fication, shoiild  be  particularly  examined.  It  is  important  to 
observe  the  aiTangement  of  the  parts  of  the  vascular  bundles  in 
tlie  stem  and  leaves ; the  direction  of  the  longitudinal  section 
must  therefore  be  regulated  by  the  arrangement  of  these  parts, 
wliich  can  be  ascertained  by  a transverse  section.  It  is  also 
very  impoi’tant  to  trace  out  accurately  the  course  of  the  vas- 
cular bundles,  and  particularly  the  origin  of  the  new  vasciilar 


* 


See  “ Die  Pflanzenzelle,”  p.  110,  Taf.  V.,  Figs.  1 — 23. 
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Ijiiiidles,  and  tlieir  connexion  with  those  already  existing.  Tn 
these  three  gi’oups,  the  antheiidia  are  never  found  on  the  i)er- 
fect  })lant ; they  have  been  clearly  proved  to  exist  during  the 
germination  of  the  Ecpiisetaceje  and  Pteridese.  IVJettenius  and 
Hofnieister  are  of  o})inion  that  in  Isoetes  and  Selaginella 
(Lycopodiacea?)  as  well  as  in  the  Phizocarpse,  the  antherozoids 
are  formed  in  the  small  spores,  which  in  the  Phizocarp?e  were 
formerly  considei'ed  to  be  pollen-gi’ains.  In  JNJosses  and  Liver- 
worts antheridia  and  pistillidia  are  found,  i.  e.,  organs  in  which 
the  fi'uit  is  develojjed  ui)on  the  perfect  plant,  whilst  in  the  Cha- 
racejB  the  antheridium  a})pears  on  the  perfect  plant  in  company 
with  a germ-organ  (tlie  so-called  spore)  from  which  the  young 
plant  breaks  foifh.  In  the  Ferns  and  Ec^uisetaceae,  on  the  other 
hand,  when  the  spore  germinates,  a leafy  organ  called  the  pro- 
thallus,  is  produced,  iipon  which  antheridia  and  germ-organs, 
called  ovailes,  are  subsecpiently  ju’oduced,  and  from  the  latter  the 
young  plant  springs.  Finally,  the  Lycopodiaceae  and  Khizocarpaj 
have  two  kinds  of  spores,  large  and  small ; when  the  large 
spore  germinates  it  forms  a pro-embiyo  (or  pro-thallus),  which, 
however,  remains  within  the  covering  of  the  si)Ore,  and  upon 
which  germ-organs  are  produced,  which  break  through  the 
spore.  About  the  same  time  antherozoids  are  })i‘oduced  in  the 
small  spores,  which,  in  the  Rhizocarpae,  are  formed  in  the 
so-called  antheridia.  The  young  plant  arises  from  the  pro- 
embryo. The  nature  of  the  antheridia,  and  es])ecially  their 
relation  to  the  pistillidia,  or  germ-organs,  has  not  yet  been 
sufficiently  explained  in  any  group  in  which  they  have  hitherto 
been  detected. 

The  antherozoids  of  Chara  are,  according  to  Thuret,  fiu’- 
nished  with  two  long  cilia  j I am  of  opinion,  however,  that 
there  is  only  one  cilium,  as  in  the  INlosses  and  Liverworts.  The 
antherozoids  of  Ferns  and  Fqiusetacete  have  the  appearance  of 
spirally  twisted  bands,  which  are  thickly  clothed  with  ffibratory 
cilia  either  throughout  their  whole  length,  or  over  a certmn 
n\nnber  of  the  coils.  The  antherozoids  of  Lycopodiacere  and 
llhizocarpfe,  witli  the  exception  of  Isoetes,  are,  according  to 
Hofnieister,  not  provided  with  cilia,  but  are  formed  like  those 
of  the  Mosses  and  Liverwoids.  The  process  of  gradual  siccation 
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alluded  to  above  should  be  adopted  with  the  antherozoids  just 
mentioned.* 

In  the  LycopocUacefe  the  fruit  is  found  in  the  axils  of  the 
leaves,  frequently  upon  branches  specially  formed  for  the  pur- 
pose ; in  the  Eciuisetaceje  the  fruit  is  collected  in  ears  on  the 
under-side  of  certain  protecting  scales  similar  to  the  anthei’s 
of  some  of  the  Coniferte.  The  ferns  in  some  instances  (such  as 
Pteris,  Aspidium,  &c.)  are  provided  with  stalked  thecse,  which 
are  collected  in  small  lieaj)s  near  one  another,  generally  on  the 
under-side  of  the  leaves,  and  which  burst  open  when  ripe  ; in 
other  cases,  s;ich  as  Botrychium  and  Osmunda,  the  spores  are 
developed  in  sessile  leathery  capsules,  placed  on  peculiar  fruit- 
leaves.  I recommend  the  use  of  concentrated  sulphuric  acid  in 
examining  spores  in  general,  and  particularly  in  examining  the 
spores  and  thecsB  of  the  last-named  groups.  By  using  this,  the 
number  and  nature  of  the  coats  of  the  spores  may  be  observed. 
Schultz’s  method  of  maceration  is  peculiarly  well  adapted  for 
obtaining  an  acciu-ate  acquaintance  with  the  cells  of  stems  and 
leaves. 

In  })hanerogamous  plants,  the  axis  {i.  e.,  the  stem,  branches, 
and  roots),  and  the  leaves  must  be  separately  considered,  and 
examined  in  a particular  manner.  In  the  higher  Cryptogams 
also,  these  three  essential  parts  of  the  plant  must  be  particidarly 
considered.  In  the  Algfe,  Lichens,  Fungi,  and  Characece,  no 
division  into  stem  leaves  and  root  is  to  be  found  ; in  the  Mosses 
and  Liverworts,  on  the  other  hand,  stem  and  leaves  are  always 
present,  but  there  is  no  true  root.  The  rest  of  the  Cryptogamia 
are  furnished  with  all  three  parts ; the  toothed  sheaths  of  the  joints 
of  the  stems  of  Equisetacese  form  a circle  of  small  leaves  united 
at  the  base.  Mosses  and  Liverwoids  have  either  no  vascular 
bundles  at  all,  or  the  latter  are  very  slightly  developed,  as  in 
the  cambium  bundle  of  the  middle  neiwe  of  Diplola?na  • whilst 
in  the  higher  Cryptogamia,  they  a})pear  in  a more  or  less  fully 
developed  condition. 

xiic  Exaiiiiiiatioii  of  the  .Stem  anti  itoot. — <In  examininc  the 
monocotyledonous  and  cryptogamous  stem,  particular  attention 


* See  Hofineister'.s  “ Keimung,  &c.  hoherer  Kiyptogamen.” 
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must  be  paid  to  tlie  an-angenient  of  the  parts  of  the  vascular 
bundles,  and  to  tlie  j)osition  of  these  bundles  inter  se  ; for  which 
purpose  a very  thin  transverse  section  must  first  be  made. 
When,  by  means  of  that  section,  the  observer  has  satisfied  him- 
self as  to  the  distribution  of  the  dispersed  and  definite  vasculai* 
bundles,  and  as  to  the  position  inter  se  of  the  essential  pai-ts  of 
the  vascular  bundles  themselves,  he  must  make  thin  longitudinal 
sections  in  diffei’ent,  but  definite,  directions  through  the  vascular 
bmidle,  in  order  to  obtain  a clear  idea  of  the  natm-e  of  its 
elements.  Attention  must  first  be  paid  to  the  cambial  cells  of 
the  vascular  bundles,  then  to  the  nature  of  the  vessels,  and 
finally  to  the  ligneous  cells  of  each  bundle.  In  monocotyledonous 
.stems  it  shmdd  fui'ther  be  observed  whether  a bark  can  be  dis- 
tinguished, as  is  the  case  with  palms.  If  this  be  so,  particular 
attention  must  be  paid  to  the  parenchyma  between  the  vascular 
bundles,  in  order  to  ascertain  whether,  from  the  nature  of  the 
cells  of  this  parenchyma,  it  is  possible  to  distingmsh  a state  of 
tissue  intermediate  between  the  bark  above  mentioned  and  the 
proj:)er  woody  fibre.  For  an  investigation  of  this  nature,  fresh 
specimens  are  indispensable.  The  cryptogamous  vascular  bundle 
is  generally  distinguishable  from  the  monocotyledonous  va.scular 
bundle  by  the  position  of  the  vessels  in  the  middle  of  the  bundle, 
as  in  the  Ferns,  Lycopodiaceje,  Fliizocarpte,  &c.,  where  the  ves- 
sels are  surrounded  by  the  cambium.  The  monocotyledonous 
vascular  bundle,  on  the  other  hand,  always  has  its  Cambium  in 
the  middle,  sma’ounded  by  vessels  and  wood-cells.  In  the 
Palms,  a grouj:)  of  very  woody  cells  is  generally  turned  towards 
tlie  bark,  which  latter  cells  may  be  compared  to  the  bast-cells 
of  the  dicotyledonous  vascular  bundle. 

In  the  vascular  bundles  of  Epipogium  Gnielini,  and  Good- 
yera  repens,  which  when  a transverse  section  of  the  stem  is 
made  at  certain  heights  appeal*  dispersed  in  all  directions,  I can 
certainly  trace  a branching,  nay  more,  a regular  progression  of 
whole  bundles  through  successive  ramifications  out  of  a single 
central  vascular  bundle  of  the  Phizome.  In  some  palms  which 
I examined  (Ehapis  flabelliformis)  I found  the  vascular  bundles 
divided  underneath  the  summit  of  the  axis.  In  the  embryo  of 
the  seed  of  the  date  the  vascular  bundles  of  the  cotyledon  ai*e 
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branched ; the  place  of  formation  of  the  vascular  hundles  lies 
underneath  the  plumule.  Accurate  examination  of  the  process 
of  germination  shows  that  the  same  is  the  case  with  other 
monocotyledonous  plants.  An  accurate  investigation  of  the 
course  of  the  monocotyledonous  vascular  bundle  is  very  much 
to  be  desired  for  the  sake  of  science  in  general.  Many  methods 
may  be  adopted  for  this  purpose  : 1st.,  If  the  stem  is  rotten, 
the  vascular  bundles  may  be  laid  bare  if  they  are  separated  by 
thin-walled  parenchyma.  2dly.,  Where  they  are  simrounded 
by  wood  parenchyma,  this  tissue  must  be  carefully  removed 
with  a shar])-pointed  scalpel  or  penknife,  and  the  course  of  one 
or  more  of  the  vascular  bimdles  be  followed  out.  3dly.,  The 
increase  and  change  of  position  of  the  vascular  bundles  may  be 
shown  to  exist  by  means  of  transverse  sections,  made  at  dif- 
ferent heights,  proceeding  from  the  root  or  from  the  lower  part 
of  the  plant  upwards ; and  then,  by  means  of  corresponding 
longituchnal  sections,  the  mode  of  this  increase  of  the  vascular 
bundles  must  be  sought  after.  4thly.,  An  accurate  examina- 
tion of  the  course  of  the  vascular  bundle  in  the  embryo  of  the 
ripe  seed  is  highly  to  be  recommended.  I have  tried  all  the 
above-mentioned  four  methods  ; the  method  of  separation  from  a 
rotten  stem  is  veiy  apt  to  lead  to  deception,  inasmuch  as  the 
young  vascular  bundles  which  have  not  yet  become  woody, 
decay  with  the  thin-walled  parenchyma,  leaving  behind  only 
the  older  woody  bundles.  In  this  case,  therefore,  portions  of 
the  plant  are  sometimes  found  detached  from  one  another, 
which,  during  the  life  of  the  plant  were  connected  together. 
The  second  method,  in  conjunction  with  the  thii’d,  leads  to 
much  more  satisfactoiy  results,  but  the  second  method  is  fre- 
quently not  practicable.  The  fourth  method,  together  with  the 
third,  removes  all  possible  doubt  as  to  the  connexion  of  the 
vascular  bundles  in  the  interior  of  the  plant.  With  regard  to 
the  third  method  it  will  be  a good  plan  accui’ately  to  observe 
and  make  notes  of  the  distances  of  the  transverse  sections  from 
one  another.  The  epidermis  of  monocotyledonous  stems  must 
also  be  attended  to.  In  some  Palms  and  in  Dracfena  there  is 
to  be  seen  a layer  of  cork,  more  or  less  highly  developed,  which 
ox’iginates  beneath  the  epidermis. 
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The  roots  of  monocotyledon oiis  plants,  as  far  as  my  ohsei’^'a- 
tions  go,  always  have  a single  central  vascular  bundle,  or  rather 
a ci'own  of  vascular  bundles,  which,  in  the  root  of  sarsaparilla 
and  in  the  roots  of  palms,  &c.,  is  separated  from  the  outer  layer, 
which  may  be  called  bark,  by  a row  of  very  thick,  and  genemlly 
very  narrow,  cells.  In  the  arrangement  of  the  pai-ts  of  this 
central  vascular  bundle  may  be  seen,  sometimes  very  clearly, 
and,  indeed,  through  the  separated  cambium-groups,  the  indi- 
vidual vascular  bundles  which  together  fonn  the  crown  of 
vascular  bundles,  as  in  the  lateral  roots  of  Cephalanthera  anti 
Epipactis.*  The  root  is  clothed  on  the  outside  with  an  epidermis 
which  never  has  stomata,  but  Avhich  frequently  sends  out  long 
hairs.  The  examination  of  the  root  is  conducted  in  the  stinie 
way  as  that  of  the  stem.  The  extremity  of  all  roots  is  clothed 
with  a hood  or  cap  consisting  of  dead  cells,  which  cap  is  in 
immediate  connexion  with  the  growing  apex  or  punctum  vege- 
tationis  of  the  root.  The  longitudinal  section  must,  therefore, 
pass  accurately  through  the  middle  of  the  apex  of  the  root, 
and  it  must  be  extremely  tine,  so  that  the  connexion  Ijetween 
the  cap  and  the  imnctum  vegetationis  of  the  root  may  bo 
clearly  visible.  In  the  ripe  embiyo  of  trees  with  acerose  leaves, 
and  in  the  roots  of  these  trees  generally,  the  I’oot-cap  is  re- 
markably developed.  In  other  plants  it  is  only  very  slightly 
developed,  but  it  is  never  altogether  wanting. 

In  the  dicotyledonous  stem  also  a transvei-se  section  must 
lirst  be  made;  this  is  doiie  by  the  help  of  a very  sharj)  I'azor, 
either  with  the  unassisted  hand,  or,  if  the  fragment  is  small, 
then  with  the  section  instrument.  The  transverse  section  must 
l>e  very  thin;  the  first  thing  to  be  looked  to  is  the  armiige- 
ment  of  the  parts  of  the  stem  from  the  interior  to  the  exterior, 
which  may  be  divided  into  four  parts ; 1st.  The  Pith  ; 
2nd.  The  Wood  ; 3rd.  The  Cambium  ; and  4th.  The  primary 
and  secondary  Bark. 

!«♦.  In  tiic  ca««*  of  tiio  i*i#ii,  the  size  and  form  of  it,  the 

nature  of  the  cells,  the  transition  fi-om  pith-cells  to  wood-cells, 
and,  lastly,  the  contents  of  the  pith-cells  must  be  observed.  In 


* See  “ Die  Pflanzcnzelle,”  Taf.  XV.,  Figs  12,  13. 
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some  tropical  twining  ])lants,  and  in  the  stem  and  branches  of 
tlie  oak,  the  chesnut,  ifec.,  the  pith  is  not  round,  but  has  iui 
angular  form. 

-.5  ml.  A.S  to  ti«o  Wood.  This  surrouiids  the  pith,  and  in  it 
notice  must  be  taken  of  the  arrangement  of  the  medullary  rays, 
that  is,  those  cells  which  pass  in  a radiant  manner  from  the 
})ith  to  the  bark;  it  must  be  ascertained  whether  they  ap}>ear 
in  single  rows  or  in  many  rows,  whether  they  extend  collec- 
tively as  far  as  the  pith  (as  is  the  case  in  all  young  plants),  or 
whether  some  of  them  being,  as  it  were,  secondary  (i.e.,  sub- 
sequently develoiied)  rays,  ai-e  lost  in  the  wood-circle ; whether 
they  are  numerous  and  near  one  another,  or  fewer  in  number 
and  at  a distance  from  one  another;  whether  they  are  all  of 
equal  breadth,  as  in  the  lime,  the  willow,  the  poplar,  and  in  all 
the  Coniferte,  or  whether  both  broad  and  nari'ow  medullary  mys 
are  to  be  found,  as  is  the  case  in  the  oak  and  the  beech;  and 
la.stly,  what  becomes  of  the  medidlary  rays  when  they  reach  the 
bark.  The  arrangement  of  the  wood-cells  must  also  be  observed, 
that  is,  whether  they  are  intermixed  mth  vessels,  or  whether 
1‘eal  vessels  are  wanting,  as  is  the  case  with  the  Conifei’aj  and 
Cycadere.  In  the  Conifene  paidicular  attention  must  be  paid  to 
the  position  of  the  pits,  so  as  to  see  whether  they  are  only 
to  be  met  ■with  in  the  cUrection  of  the  medidlary  rays,  or 
whether  they  are  also  to  be  found  (which  is  less  frequently 
the  Ccise)  in  the  opposite  direction.  It  must,  moreover,  be  as- 
certained whether  the  stem  contains  tiu’pentine  canals;  and  the 
})osition  of  these  canals  on  the  inner  side  of  the  annual  ring 
must  be  noticed.  In  angiospermous  plants  the  arrangement, 
size,  and  mode  of  thickening  of  the  vessels  and  the  chstri- 
bution  of  the  suiTounding  wood-cells  is  of  importance.  In  all 
dicotyledonous  stems  notice  must  also  be  taken  of  the  limits  of 
the  annual  rings,  and  it  must  be  seen  whether  they  are  strongly 
or  slightly  developed,  or  whether  they  are  wanting  altogether, 
as  is  the  case  with  most  tropical  trees. 

3r«i.  Tiie  Caini>ium.  In  observing  this,  particular  attention 
must  be  paid  to  its  connexion  with  the  wood  on  one  side,  and 
wdth  the  bark  on  the  other.  I'he  transverse  section  must  be 
thin  and  cleanly  made,  so  that  the  nurnbei"  of  rows  of  cambium- 
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cells,  and  their  nature  and  contents,  may  be  cleai-ly  observed; 
weak  alkaline  ley  is  frequently  effectual  in  removing  the  granvdar 
contents,  and  rendering  the  cells  more  transparent;  and  the 
observer  is  then  enabled  to  distinguish  the  part  of  the  cambium 
which  forms  the  wood  and  the  vessels  from  the  part  which  pro- 
duces the  medullaiy  rays.  Tlie  contents  of  these  cells  must  first 
be  tested  with  a solution  of  iodine,  and  with  sugar  and  sul- 
phuric acid. 

4ti».  xii*i  Burk.  In  examining  this,  the  attention  mmst  first 
be  dii-ected  to  tlie  presence  and  an-angement  of  the  liber-cells 
in  the  secondary  bark,  i.e.,  the  bark  last  formed  by  the  cambium. 
'I'he  })rimary  bark  is  found  even  in  the  embryo  and  in  young 
buds ; the  cambium-ring,  or  thickening-ring;  in  which,  at  a later 
period,  tlie  vascular  bundles  oiaginate,  divides  this  primary  bark 
from  the  2>ith.  The  secondiuy  bark,  on  the  other  hand,  is  fii’st 
formed  by  the  cambium ; it  grows  together  with  the  wood-ring, 
and  in  it  is  situated  the  liber  of  the  dicotyledonous  vascular 
bundle;  in  the  jjrimary  bark  liber-bundles  are  never  found, 
although,  even  in  it,  elongated,  strongly-thickened  cells,  similar 
to  liber-celLs,  are  occasionally  met  with,  as  is  the  case  in  Casuarina. 
It  is  necessary  to  observe  whether  the  liber  apjiears  to  be 
arranged  in  bundles  or  in  rows,  as  is  the  case  with  the  Ciqiressinse, 
and  also  whether  the  epidermis,  which  is  never  wanting  in  the 
young  state  of  a jilant,  is  still  to  be  seen ; and  whether  there  is 
any  layer  of  cork,  and  what  is  the  extent  of  it.  Attention  must 
also  be  directed  to  the  nature  of  the  cork,  that  is,  whether 
a smooth  leathery  cork  (Peiiderma)  envelojies  the  stem,  as  in 
the  birch  and  in  Abies  j^ectinata,  or  whether  a chinky,  sjiongy 
cork  (suber)  be  jiresent,  as  in  the  cork-oak  and  in  Acer  cam- 
l^estre.  Lastly,  it  is  necessary  to  see  whether  there  is  a corky 
formation  in  the  interior  of  the  bark,*  in  what  manner  it  is 
constituted,  and  how  it  is  cast  off.  In  the  Conifers  it  is  also 
neces.sary  to  ascertain  whether  any  turpentine  canals  are  to  be 
found. 

Besides  the  above-mentioned  transverse  sections,  longitudinal 

* See,  upon  this  subject,  Hanstein  “ Uber  den  Pau  und  die  Eutuickel- 
ung  der  Eaurarinde,”  and  S^chacht,  ‘‘Der  Paum.” 
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sections  of  two  different  kinds  are  necessaiy  in  examining  dico- 
tyledonous steins.  The  first  is  a longitudinal  section  parallel 
with  the  medullary  rays,  and  whicli  may  he  called  a radial 
section.  This  section  must  pass  from  the  pith  through  the 
wood,  the  cambium,  and  the  bark.  It  is  only  in  very  thin  stems 
or  branches  that  it  is  possible  to  obtain  a perfect  section  of  this 
nature  ; the  difficulty  of  getting  a peilect  section  is  such  that  it 
is  generally  necessary  to  ^mt  uj)  with  many  different  sections, 
of  which  one  may  exhibit  the  }uth  and  the  heart- wood,  i.  e.,  the 
oldest  wood  surrounding  the  })ith  ; a second  may  perhaps  show 
the  middle  of  the  wood,  and  a third  the  outer  part  of  the  wood 
as  well  as  the  cambium  and  the  bark.  The  same  difficulty  oc- 
curs in  making  a trausvei’se  section  of  a large  stem. 

The  second  kind  of  longitudinal  section  which  it  is  necessary 
to  make  is  one  at  right  angles  to  the  medullary  rays,  which  may 
be  called  a tangential  section.  A section  of  this  natmn  about 
the  middle  of  the  wood  and  another  through  the  secondary  bark 
will  generally  be  satisfactory. 

In  examining  the  radial  section  the  same  course  must  be 
pui-sued  as  with  the  transverse  section,  that  is,  the  attention 
must  be  directed  separately  to  the  Pith,  the  Wood,  the  Cam- 
bium, and  the  Bark. 

xi«e  — In  this  the  length  and  contents  of  the  cells  as 
well  as  the  porous  nature  of  their  walls  must  be  noticed. 

fii«»  — 111  examining  this  it  must  be  observed 

whether  the  medullary  rays  are  long  or  short,  narrow  or  wide, 
whether  the  pores  are  large  or  small,  whether  any  pits  are  to 
be  seen,  and  what  may  be  the  contents  of  the  cells.  Attention 
must  also  be  paid  to  the  wood-cells  and  to  the  presence  of  a 
wood-parenchyma;  which  is  very  beautifully  developed  in  the 
Leguminosfe.  This  parenchyma  frecpiently  produces  starch, 
which  is  never  present  in  true  wood-cells.  The  size  and  position 
of  the  pits,  and  the  form  and  arrangement  of  their  pores,  must 
also  be  noticed,  as  well  as  the  existence  of  a more  or  less  clearly 
developed  spiral  in  the  wood-cells.  This  latter  occims  in  the 
Yew,  the  Vine,  and  in  the  wood-parenchynia  of  Ulex  and 
Spai'tium.  It  must  be  seen  whether  the  i^artition-walls  of  the 
cells,  by  the  absorption  of  which  vessels  are  formed,  impinge 
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upon  one  another  directly  or  in  an  oblique  direction  ; in  the 
former  case  they  will  be  ])ierced  with  a round  hole,  in  the  latter 
the  })artition-walls  will  be  divided  in  a scalariform  manner,  as 
is  the  case  with  Alnus,  Betula,  Corylus,  Viburnum,  Buxus, 
and  Thea.  These  two  forms  seldom  occur  together  in  the  same 
stem.  Moreovei’,  the  nature  of  the  thickening  of  the  vessels 
must  be  considered ; i.  e.,  whether  they  appear  to  be  spiral 
or  scalariform  vessels ; whether  they  bear  j)its ; and  whether 
the  pits  and  spirals  occur  simultaneously,  as  is  the  case  in 
Tilia,  Primus  Padus,  Carpinus  and  Acer.  In  the  Coniferse, 
inquiry  should  be  made  as  to  the  existence  of  tiu'pentine  canals, 
and  also  as  to  the  cellulai-  threads  pointed  out  by  Hartig,  which 
are  isolated,  usually  narrow  cells,  with  iiartition-walls  impinging 
directly. upon  one  another,  which  contain  resin  and  correspond 
to  the  woody-parenchyma  of  deciduous  trees ; these  latter  are 
found  in  Thuja,  Cupressus,  Taxodium,  Juniperus,  Chamjecyparis, 
Pinus,  and  Cedrus,  but  they  appear  to  be  wanting  in  every  in- 
stance in  which  turpentine  canals  exist  in  the  wood. 

Tiiii'«iiy,  tiie  caini>iuiii. — In  examining  this  the  form  and 
contents  of  its  cells  must  be  considered,  and  its  gradual  tran- 
sition on  the  one  side  into  the  wood,  and  on  the  other  into  the 
bark.  The  cambium  when  fresh  is  rich  in  nitrogenous  sub- 
stances ; sugar  and  sulphiuic  acid  impart  a rose-colour  to  it. 

fourthly  ami  lastly,  the  jfiark. — In  examining  this,  atten- 
tion must  be  paid  to  the  parenclijuna  and  its  contents,  to  the 
shortness  or  length  of  the  libei’-cells,  and  also  to  the  secondary 
liber-cells,  which  in  Abies  pectinata  are  branched,  and  in  Picea 
vulgaris  are  cubical  and  in  rows ; the  lamination  of  the  liber- 
cells  themselves  should  also  be  obseiwed.  The  construction  of 
the  cork  cells  should  also  be  examined  if  a iieridermal  layer  or 
a formation  such  as  that  mentioned  at  p.  108  be  present. 

Tlie  tangential  section  is  especially  important  for  the  ex- 
amination of  the  wood,  and  of  the  arrangement  of  the  medul- 
lary rays.  It  may  be  ascertained  by  the  help  of  this  section, 
whether  the  medullary  rays  form,  in  the  direction  of  their 
length,  a single  row  of  cells,  or  whether,  in  their  middle,  they 
consist  of  more  than  one  row  or  of  mimerous  rows  of  cells,  in 
which  case  they  would  appear  in  the  transverse  section  to  be 
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ventricose  in  tlie  middle  and  pointed  at  both  ends.  This  is  the 
case  with  Laurus  Sassafras  and  Hernandia  sonora,  and  more  or 
less  with  all  the  LeguminosEe  and  with  those  dicotyledonous 
woods  which  have  both  wide  and  narrow  medullary  rays,  such 
as  the  Oak  and  the  Beech.  The  medullary  rays  of  Ephedra 
form  two  or  three  rows  of  cells.  When  the  medullary  rays  are 
ventricose,  the  course  of  the  wood-cells  is  necessarily  a tortuoiis 
one.  In  the  Conifera3,  the  length  of  the  medullary  rays  must 
also  be  observed.  The  Juniper  has  medullary  rays,  consisting  of 
from  one  to  five,  and  the  Yew  of  from  two  to  twenty-four  cells. 
In  the  Coniferie,  there  are  sometimes  to  be  found  horizontal 
turpentine  canals.  They  occur  in  the  interior  of  certain  of  the 
medullary  rays,  which  are  of  greater  width  than  the  otlier  me- 
dullary rays,  and  are  sparingly  distributed.  These  canals  are 
to  be  found  in  Pinus  sylvestids  and  Pinus  maritima. 

The  tangential  section  is  important  in  the  case  of  the  Coni- 
ferjB  for  showing  the  construction  of  the  pits.  The  lenticular 
space,  and  the  canaliculus  which  runs  from  each  of  the  neigh- 
bouring cells  into  this  space,  may  here  be  observed.  The  Yew 
and  Pinus  maritima  afford  excellent  examples. 

For  preparing  the  specimens,  the  rules  given  in  another  part 
of  this  work  will  apply.  With  regard  to  the  Coniferse,  and  all 
resinous  plants  generally,  it  is  a good  jilan  to  moisten  the  sur- 
face from  which  the  section  is  to  be  taken  with  alcohol  instead 
of  water,  and  it  Avill  be  advantageous  to  lay  the  section  in 
alcohol  before  making  any  observations  upon  it,  partly  for  the 
piirpose  of  driving  out  the  air,  and  partly  for  dissolving  the 
resin.  In  the  case  of  the  Coniferse,  this  soaking  in  alcohol  is 
indispensable.  If  it  is  wished  to  study  more  minutely  the 
structure  of  the  individual  cells  of  the  stem,  I recommend 
Schidtz’s  method  of  maceration,  and  the  boiling  of  delicate  trans- 
verse and  longitudinal  sections  in  alkaline  ley,  such  jn-ocesses  to 
be  followed  by  the  ai^plication  of  a solution  of  chloride  of  zinc 
and  iodide  of  pota.ssium.  Very  hard  woods,  such  as  the  woods 
of  tree  ferns  and  palms,  may  advantageously  be  laid  in  water 
for  from  twenty-four  to  forty-eight  hours.  By  so  doing,  the 
wood-cells  seem  to  l)ecome  more  tender,  and  may  be  cut  more 
easily.  The  transverse  sections  of  some  very  hard  woods,  if 
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made  very  thin,  always  roll  up.  In  this  case  nothing  can  he 
done  beyond  drawing  the  parts  from  one  another  with  a needle, 
and  pressing  them  flat  under  a tolerably  thick  covering  glass, 
fl'hin  sections  of  soft  woods  often  fold  together,  in  which  case 
they  must  be  i)laced  under  the  simple  microscope  and  spread 
out  by  means  of  a needle. 

'Idle  same  course  may  be  pui’sued  in  examining  the  roots  of 
dicotyledonous  plants  as  has  been  recommended  for  the  stem. 
The  root,  like  the  stem,  is  generally  furnished  with  })ith,  but 
this  i)ith  is  sometimes  very  small,  and,  moreover,  woody ; it  is, 
therefore,  occasionally  not  jierceptible.  The  mode  of  develope- 
ment  of  the  wood-ring  of  the  root  shows,  howevei’,  that  it  is 
id  ways  present.  In  the  root  the  attention  should  be  directed  to 
the  extent  of  developement  of  the  root-cap,  which  in  trees  with 
acerose  leaves  is  very  highly  developed.  Perfectly  fresh  speci- 
mens are  indispensable  for  this  investigation.  Two  layers  may 
often  be  distinguished  in  the  primary  bark  of  the  root,  of  which 
the  outer  layer  perishes  earlier  than  the  innei’  one.  The  cells 
generally  of  the  root  are  wider  than  those  of  the  stem  ; the 
wood-cells  in  the  roots  of  trees  with  acerose  leaves  have  on  that 
account  two  or  thiee  rows  of  dots,  whilst  the  cells  of  the  stem 
have  only  one  row. 

In  examining  fossil  woods  it  is  sometimes  useful  to  digest 
them  for  several  days  in  a solution  of  carbonate  of  soda,  and 
then  to  wash  them  clean  with  water.  By  this  means  very 
good  sections  may  generally  be  obtained  of  wood,  which,  with- 
out such  treatment,  would  not  be  manageable.  Very  good 
sections  of  Avood  which  has  been  impregnated  with  carbonate 
C)f  lime  may  be  obtained  by  using  a Avatch-spring-saw,  and 
aftei’Avards  polishing  the  sections. 

The  best  plan  is  to  make  an  CA^en  section  Avith  the  suav,  to 
polish  the  section  upon  a flne  grind-stone  Avith  Avater,  and  then 
to  use  the  saAv  again.  A tolerably  thin  section  (longitudiiiid 
or  transA’erse)  having  been  thus  obtained,  it  should  be  ftistened 
Avith  sealing- Avax  by  its  polished  side  to  a cork  ; the  coarse 
parts  of  it  should  then  be  removed  Avith  a file,  and  the  section 
shoifld  lastly  bo  ground  comjdetely  fine  upon  a grind-stone 
under  Avater.  The  cork  Avith  the  section  should  then  be  laid  in 
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alcoliol,  by  which  means  the  section  is  detaclied.  The  section 
must  be  cleaned  with  a camel’ s-hair  brush,  and  mounted  in  copal 
varnish,  or  Canada  balsam.  This  jirocess  may  also  be  adopted 
in  making  sections  of  bone  or  teeth.  With  regard  to  petrified 
wood,  the  oidy  plan  which  can  be  piu'sued  Avith  advantage  is  to 
break  off*  small  lamellte  by  careful  strokes  Avith  a steel  hammer ; 
the  processes  of  sawing  and  polishing  are  generally  too  tedious 
for  this  sort  of  Avood,  and  seldom  lead  to  a satisfactory  result. 

xiie  exainiiiatioii  of  Xeaves. — In  examining  leaA’’es,  the  first 
thing  that  is  necessary  is  to  make  thin  longitudinal  and  trans- 
verse sections  through  the  leaf.  If  the  leaf  is  not  very  fleshy 
the  sections  are  best  made  by  the  aid  of  the  section  instrument. 
In  examimng  the  epidermis  of  the  leaves  of  the  species  Aloe 
and  Aga\'e,  and  of  all  other  very  fleshy  leaA^es,  it  is  necessary  to 
detach  the  epidennis,  together  Avath  some  of  the  subjacent 
cellular  layers,  and  to  place  it  in  the  section  instimment,  since 
there  is  no  other  way  in  Avdiich  a sufliciently  thin  section  can  be 
obtained. 

The  first  thing  to  be  done  is  to  examine  the  epidermis,  and 
to  ascertain  whether  both  sides  of  the  leaf  have  the  same  sort 
of  epidermis,  and  whether  or  not  it  is  furnished  with  stomata  ; 
tlie  construction  of  the  stomata  themselves,  as  well  as  their 
mode  of  arrangement,  may  be  learnt  by  the  help  of  the  trans- 
A'erse  section,  and  by  examining  the  detached  ej)idermis  from 
above.  With  respect  to  the  stomata,  theii'  position  and  arrange- 
ment must  be  observed,  and  it  must  be  ascertained  whether 
they  are  spread  over  the  whole  surface  of  the  epidermis  or  are 
only  to  be  found  upon  certain  parts  of  it ; whether  the  ar- 
rangement of  them  is  regiflar  or  irregular ; and  whether  they 
are  on  a level  with  the  epidermis,  or  raised  above  it,  or  sunk 
below  it.  The  nature  of  the  cuticle  is  learnt  by  taking  A'ery 
thin  transA’ei’se  sections  and  treating  them  Avith  the  iodized  solu- 
tion of  chloride  of  zinc,  or  concentrated  siflphuric  acid,  by 
boiling  Avith  caustic  potash,  or  by  maceration  in  the  manner 
proposed  by  Schultz.  By  proceeding  thus,  it  Avill  be  seen  that 
that  which  most  authors  call  the  cuticle,  embraces  two  things ; 
that  it  consists  on  the  outside  of  a structureless  secretion  from 
the  epidermal  cells,  and  on  the  inside  of  the  outer  layers  of  the 
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e[)idermal  cells  themselves  chemically  altered.  These  two  parts 
arc  generally  so  closely  united  that  they  cannot  be  sejjarated 
from  one  anotlier  by  concentrated  sulphuric  acid  and  macera- 
tion ; by  boiling  with  caustic  potash,  however,  the  individual 
epidermal  cells  in  the  }>lants  Gasteria  oblicpia,  Phormium  teiiax, 
and  Viscum  album,  become  separated  from  one  another,  whilst 
the  secretion  from  the  epidermis,  i.  e.,  the  proj)er  cuticle,  is  dis- 
solved into  a granular  matter,  A com])aiison  of  young  and  old 
leaves  is  here  very  \iseful.  The  hairs  which  clothe  the  epider- 
mis, and  tlieir  mode  of  insertion  and  constiaiction,  must  also  be 
observed,  and  the  arrangement  of  the  parenchyma  of  the  leaf, 
and  the  distribution  of  the  vasculai'  bundles  in  the  fonn  of 
nerves,  are  also  of  importance.  It  very  seldom  ha})j)ens  (as  in 
Viscum)  that  the  parenchyma  of  the  upper-side  of  the  leaf  cor- 
i’es})onds  altogether  in  its  arrangement  with  that  of  the  \inder- 
side  ; it  often  haj^pens  that  one  side  has  air-holes  and  the  other 
none.  In  the  leaf  of  many  of  the  Urticete  and  Morcai  peculiar 
bodies  are  met  with  in  the  interior  of  ceiiain  of  the  cells. 
These  bodies  are  pendant,  and  are  attached  to  small  stalks 
formed  of  cellulose ; they  consist  of  layers  of  cellulose,  and  are 
impregnated  with  carbonate  of  lime.  They  are  found  in 
Ficus  elastica,  Ficus  australis.  Ficus  idmifolia,  Urtica  ni^'ea, 
Cannabis  sativa,  Humulus  lupulus,  &c.  Similar  bodies  are 
found  also  in  the  leaves  and  stems  of  many  Acanthacete,  such 
as  Justicia,  Ruellia,  and  Barleria. 

Beautifully  perfect  Crystals  are  foiind  in  the  leaves  of  some 
species  of  Citrons. 

The  contents  of  the  cells  of  the  parenchyma  and  of  the  epi- 
dermis also  deserve  to  be  noticed.  In  the  examination  of  the 
leaf-stalk,  transverse  sections  must  be  made  at  ditferent  heights, 
by  means  of  which  the  ]>osition  of  the  vascular  bundles  which 
pass  from  the  stem  into  the  leaf  must  be  observed.  By  this 
means  it  is  seen  how  the  side  veins  of  the  leaf  originate  in  a 
continual  division  of  the  vascidar  bimdles  of  the  leaf-stalk  and 
mid-rib.  Very  delicate  petals  niay  be  advantageously  cut  wdth 
tlie  section  instrument,  by  the  aid  of  which  I have  not  unfre- 
(pxently  succeeded  in  obtaining  very  thin  ti’ausverse  sections  of 
the  leaves  of  liverworts,  which  consist  of  only  one  layer  of  cells. 
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The  cork  which  is  used  for  delicate  })etals  must  be  very  soft, 
and  the  pressure  exerted  upon  the  petal  must  not  be  too  severe. 

TIic  exaiiiiiiatioii  of  tUe  ITlower  aurt  Vruit. In  examining 

the  flower,  the  first  thing  to  be  observed  is  the  number  and 
position  niter  se  of  its  parts;  and  afterwards,  the  construction 
of  these  parts  themselves  must  be  inquired  into.  For  ascei- 
taining  the  number  and  position  of  the  parts  of  the  flowei’, 
it  is  best  to  take  moderately  thin  transverse  sections  at  ditterent 
heights  through  an  unopeuevl  bud.  Such  a section  from  the 
summit  of  the  bud  will  generally  only  show  the  relative  posi- 
tions of  the  calyx  and  the  petals,  and  their  situation  in  the  biid. 
A transverse  section  made  somewhat  lower  down  will,  in  the 
case  of  hermaphrodite  flowers,  exhibit  also  the  anthers  anft 
their  relation  to  the  petals,  and  frequently  also  the  style  or 
stigma.  In  plants  with  superior  ovaries  this  section  will  also 
show  the  relation  of  the  stigma  to  the  surrounding  parts  of  the 
flower.  A transverse  section  made  still  lower  down  will  geue- 
rally  be  required.  In  flow'ers  with  inferior  ovaries  it  is  neces- 
sary to  make  transverse  sections  at  different  heights  through 
such  ovaries.  By  means  of  such  transverse  sections,  which 
must  not  be  too  thin,  lest  the  individual  parts  should  fall  to 
pieces,  the  plan  of  the  flower  is  seen,  and  a knowledge  of  the 
arrangement  of  its  part  is  most  easily  obtained;  the  different 
whorls  of  leaves  may  thus  be  clearly  observed,  and  it  may  be 
seen  how  the  calyx  and  the  petals  are  arranged  in  the  bud, 
what  the  anthers  are  like  before  bursting,  whether  the  se]>als 
and  petals  and  the  filaments  alternate  with  one  another  or  not, 
and  moreover,  the  relation  of  the  divisions  of  the  ovary  to  the 
preceding  whorl  of  leaves  may  also  be  obseiwed,  etc.  In  trans- 
verse sections  of  this  nature,  particular  care  must  be  taken  not 
to  displace  any  portion  of  the  section  by  touching  it  with  the 
needle  or  any  other  instrument.  In  young  buds  this  may 
easily  be  avoided  by  a little  care ; but  buds  which  ai’e  on  the 
point  of  opening  cannot  be  used  for  making  transverse  sectiojis. 
These  sections,  and  indeed  all  sorts  of  sections,  are  removed 
from  the  knife  with  a fine  camel’s-hair  brush.  Sections  which 
are  not  made  quite  horizontally  through  the  bud  are  of  no  value. 

Besides  the  above-mentioned  transverse  sections,  which  are 
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of  great  importance  for  an  exact  analy.sis  of  the  flower,  it  is 
also  necessaiy  to  make  longitudinal  sections  exactly  through 
tlie  middle  of  the  buds,  in  the  directions  shown  to  be  necessary 
by  the  transverse  section.  By  means  of  these  longitudinal 
sections,  the  insertion  of  the  petals  and  stamens  may  most 
easily  be  observed;  and  it  may  also  be  ascertained  whether 
tliey  originate  from  nearly  the  same  point  as  the  sepals,  or 
whether  they  are  borne  uj)on  a disc;  it  may  also  be  seen 
whether  in  monopetalous  corollas  the  filaments  of  the  anthers 
ai*e  joined  to  the  corolla,  and  at  what  i>oint  they  separate  from 
it.  It  may  also  be  observed  what  is  the  j^osition  of  the  ovary 
with  respect  to  the  other  ]:)ai*ts  of  the  flower ; whether  it  is 
superior  or  inferior  or  intermediate  Ijctween  the  two,  in  what 
manner  the'  style  is  united  to  the  ovary,  and  how  the  canal  of 
tJie  style  is  connected  with  the  partitions  of  the  ovary.  In 
many  cases  these  questions  can  only  be  decided  by  observing 
the  developement  of  the  ovary  and  the  style.  The  transverse 
and  longitudinal  sections  of  the  bud  afibrd  considerable  infor- 
mation concerning  the  nature  of  the  hairs  which  clothe  the 
blossom.  In  the  Composita3,  a longitudinal  section  through  the 
whole  capitulum  must  be  takeii,  in  addition  to  the  sections 
tln-ough  the  individual  blossoms. 

When  by  these  means  a general  knowledge  has  been  obtained 
of  the  relation  of  the  parts  to  one  another,  the  obseiwer  should 
pull  to  pieces  some  buds  which  are  on  the  point  of  opening,  in 
order  to  obtain  a more  intimate  acquaintance  with  the  indirtdual 
])ai*ts  of  the  flower,  which  he  must  then  proceed  to  examine. 

All  the  above  general  dii'ections  with  respect  to  the  ana- 
tomical examination  of  the  leaves  will  apply  to  the  bract  and 
the  calyx.  In  making  an  analysis  of  the  flower,  its  exterior 
must  first  be  observed,  that  is  to  say,  its  form  and  colour,  and 
the  nature  of  the  hairs  with  which  it  is  covered;  it  must  then 
l>e  ascertained  whether  the  tissue  is  succulent,  woody,  leathery, 
or  dry  ; and  the  changes  which  take  place  in  the  tissue  after  the 
)K3riod  of  blossoming  must  also  be  noticed. 

There  is  but  little  to  be  sjrid  with  respect  to  the  petals.  By 
the  aid  of  thin  transverse  and  longitudinal  sections,  made  with 
the  section  instrument,  the  construction  of  the  petals  and  of  tlicir 
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epidermis  may  be  ascertained.  By  examining  tlie  Avliole  surface 
of  the  petals  mtli  a Ioav  magnifying  power,  or  with  incident 
light,  the  distribution  of  its  vascular  bundles  is  made  clear.  It 
is  these  bundles  which  frequently  produce  the  delicate  lines 
upon  the  petals.  The  fluid  contents  of  the  cells,  which  in  the 
petals  are  frequently  of  such  beautiful  colours,  must  be  par- 
ticularly noticed.  The  form  of  the  petals,  their  colour,  and  the 
nature  of  their  exterior,  are  important  in  analysing  the  flower. 
In  dealing  with  the  stamens,  the  anthers  must  be  particiilarly 
attended  to ; they  must  be  examined  out  of  the  bud  before  the 
latter  has  opened,  and  also  shortly  before  and  after  dehiscence; 
in  the  latter  case  a transverse  section  is  seldom  practicable. 
The  anthers,  whilst  in  the  biid,  will  generally  be  found  to  be 
quadrilocular.  The  cellular  mass  which  divides  the  two  loculi 
of  each  side  is  afterwards  either  wholly  or  partly  absorbed,  so 
that,  at  the  time  of  the  flower  opeiiing,  the  anther  appears  to 
be  bilocular.  Bilocular  anthers  are,  however,  also  to  be  met 
with.  The  anthers  of  many  acei’ose-leaved  trees  are  bilocular, 
as  of  Abies,  Picea,  Pinus,  and  Larix,  whilst  those  of  Cupressus 
and  Taxus,  and  of  the  Cycadese,  are  furnished  'svith  many  single 
loculi;  bilocular  anthers  are  also  to  be  found  amongst  the 
Amaranthacete,  in  Gomphrena  decumbens,  and  Alternanthera 
diffusa.  Albersia  and  Celosia,  howevei',  liaA’e  normally  quad- 
rilocular anthers.  The  anther  of  Meriolix  serrulata  develops 
its  pollen  in  detached  groups  from  mother-cells ; it  is  not  until 
some  time  afterwards  that  the  pai’enchyma  which  divided  these 
gi-oups  disap])ears;  the  anther  opens,  as  in  the  rest  of  the 
Onagrace?e,  with  two  longitudinal  fissures.  In  Viscum,  also, 
the  mother-cells  ajipear  in  groups,  separated  from  one  another 
by  parenchyma.  Since  these  circumstances  cannot  always  be 
predicated  with  certainty,  it  is  indispensable  for  an  accurate 
analysis  of  a flower,  that  a transverse  section  be  taken  through 
the  anther  whilst  in  the  bud.  The  connective  of  the  anther, 
which  is  always  characterized  by  its  vasciflar  bundle,  must  also 
be  examined,  as  well  as  the  loculi  and  their  walls,  and  particular 
attention  must  be  paid  to  certain  cells  Avhich  are  generally 
to 'be  found  in  the  walls  of  anthers,  and  which  contain  a delicate 
spiral  band. 
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The  position  of  these  cells,  i.e.,  whether  they  form  the  outer 
or  the  inner  layei’,  should  also  be  noticed.  In  Abies  and  Picea, 
tliese  spiral  cells  form  the  outer  layer  of  the  wall  of  the  anther; 
in  Quercus,  Fagus,  Hippuris,  and  the  greater  number  of  plants, 
tliey  appear  in  the  form  of  a second  (the  innermost)  layer.  In 
IMonoti'opa,  the  spiral  thickening  of  these  cells  is  wanting.  In 
all  the  anthers  which  I have  examined,  the  wall  in  its  perfect 
.state  always  consists  of  only  two  layers  of  cells. 

In  considering  the  anthers  morphologically,  we  must  observe 
tlie  nature  of  their  attachment  to  the  filament  and  their  form, 
whether  divided  or  otherwise;  in  Betula,  Alnus,  Corylus,  and 
CcU-pinus,  the  filament  is  furcated,  and  each  part  beai-s  a 
bilocidar  anther.  We  mu.st  also  observe  their  mode  of  dehis- 
eence,  and  the  form  of  their  valves.  It  must  be  seen  whether 
they  are  provided  with  elongated  })rocesses  at  either  end  (which 
may  be  well  observed  in  the  Compositse),  and  whether  the  loculi 
are  fully  developed  on  both  sides  of  the  connective,  or  whether 
only  one  loculus  produces  pollen,  as  is  the  case  in  Sah'ia. 
The  form,  also,  of  the  filaments,  must  be  accurately  observed,  so 
as  to  ascertain  whether  they  are  shoi’t  or  long,  straight  or  bent, 
simple  or  divided,  or  furni.shed  with  appendicular  processes. 
The  latter  is  the  case  with  Asclepias  and  Borago.  The  inseidion 
of  the  filaments  must  also  be  looked  to,  and  it  must  be  seen 
whether  they  appear  to  be  united  to  one  another  (as  in  Ruscxis 
and  some  of  the  Amaranthacefe),  and  what  is  the  mature  of  the 
connexion,  if  any. 

The  contents  of  the  anthers,  i.  e.,  the  ripe  pollen,  must  be 
carefully  considered.  It  is  examined  dry,  and  also  ill  water,  in 
oil  of  lemons,  and  in  concentrated  sulphuric  acid ; in  some  cases 
it  will  also  be  judicious  to  treat  it  with  the  iodized  solution  of 
cliloride  of  zinc  and  with  nitric  acid.  In  examining  the  pollen 
jiarticular  attention  must  be  paid  to  the  structure  of  its  coatings, 
and  to  the  places  destined  for  the  egress  of  the  pollen-tubes. 
The  number  and  disposition  of  these  openings  must  be  con- 
sidered, as  well  as  the  questions  whether  they  lie  in  depressions 
of  the  outer  coating  of  the  iiollen  (which  can  frequently  only  be 
ascertained  by  treating  the  pollen  under  water),  or  whether  they 
are  provided  with  oiiercula,  as  is  the  case  with  the  Stellaria. 
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The  construction  of  the  outer  coating,  tiie  cuticle,  which  fre- 
quently assumes  the  most  delicate  fomis  (the  beauty  of  which 
may  be  seen  in  the  Cichoracete,  in  Stellaria,  the  Cucurbitaceae, 
the  Passifloreae,  and  Amarantliaceae)  merits  attention,  and  tire 
colour  of  this  cuticle  when  treated  with  sul})huric  acid  should 
particularly  observed.  In  treating  the  pollen-masses  of  tlie  Ascle- 
piadeae,  thin  sections  shoidd  be  taken  by  means  of  the  section 
instrument.  The  leathery  outer  layer,  which  turns  red  upon  the 
application  of  concentrated  sul|)hui-ic  acid,  will  then  be  seen  to 
be  a secretion  from  the  })ollen-cells.  In  orchideous  plants,  the  con- 
nexion of  the  pollen-masses  with  the  caudicidus  and  the  retina- 
culum must  be  observed ; each  pollen-mass  must  first  be  examined 
separately,  and  afterwards  the  individual  gi’ains  of  pollen,  which 
latter  must  be  submitted  to  different  tests.  It  will  fi'equently 
be  well  worth  while  to  observe  the  egress  of  the  pollen-tube, 
especially  when  the  pollen  appears  to  have  only  one  coat;  it  is 
generally  easy  to  obtain  pollen  tubes  by  applying  the  pollen  to 
the  stigma;  they  generally  appear  in  numbers  after  a time, 
vaiying  from  one  to  eight  da}’'s.  The  moistiu’e  which  is  secreted 
from  the  stigma  of  the  flowers  of  Hoya  carnosa  is  well  adapted 
for  the  formation  of  pollen-tubes;  if  the  pollen  of  other  plants 
is  brought  to  their  style,  very  beautifid  pollen-tubes  are  gene- 
rally obtained.  The  use  of  syrup  is  seldom  attended  with 
any  success.  Fresh  pollen  is  always  preferable  for  examination 
to  that  which  has  become  diy.  Although  the  cuticle  is  not 
injured,  the  contents  of  the  i)ollen -grains  often  become  changed 
by  keeping.  In  the  fresh  pollen  of  acerose-leaved  trees  a small 
body  consisting  of  many  cells  is  to  be  seen  in  the  interior  of  the 
special  pollen-cell,  which  body  adheres  firmly  to  the  wall  of  the 
pollen-cell.  If  nitric  acid  be  used,  the  pollen-cell  and  the 
small  body  make  their  way  out  of  the  cuticle.  The  body  cannot 
be  discovered  in  old  pollen-grains.* 

"We  will  now  consider  the  style  and  stigma.  These  may  exist 
singly  or  in  gi’eater  numbers.  Thin  longitudinal  sections  are 
generally  sufficient.  In  the  stigma,  attention  must  first  be  paid 
to  the  tissue  which  secretes  a fluid  matter,  and  which  is  genei-ally 

*.See  Schacht's  “ Beitriige  zur  Auatomie  xind  Physiologie  der  Gewiichse,” 
p.  148. 
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covered  with  papillte.  In  the  style,  the  most  imi^ortant  points 
to  be  attended  to  are,  the  co\u-se  of  the  canal  and  the  nature  of 
its  conducting  tissue.  A thin  transverse  section  through  the 
.style  is  often  useful;  by  means  of  it  the  distribution  of  the 
vascular  bundles  may  be  ascertained. 

In  examining  the  ovary  it  is  necessary  to  make  very  thin 
transverse  sections  at  dilferent  heiglits.  If  the  ovary  appears 
to  be  imdtilocular,  it  will  sometimes  be  necessary  to  have  re- 
course to  the  needle  and  the  simjde  microscope  to  determine 
whether  .such  is  really  the  case.  Very  many  ovaries  which  are 
stated  in  books  to  be  multilocular  with  a central  placenta,  are, 
in  reality,  at  least  in  the  iipper  j)art,  unilociilar  o^’aries  with 
many  parietal  placentse  lying  close  to  one  another,  being  multi- 
locular, however,  in  the  lower  part.  This  is  the  case  in  the 
Onagraria),  Pyrolacese,  and  Monotrope?e.  The  ovary  of  the 
CucurbitaceiB,  on  the  other  hand,  is  unilocular  thr(.)ughout  its 
entire  length.  In  the  Ouaginria?  there  are  four  parietal  placentre 
which,  in  a transverse  section,  project  like  a border  into  the 
hollow  of  the  ovary.  They  spread  out  at  their  extremities  on 
both  sides,  bear  an  ovule  on  each  side,  and  lie  close  to  one 
another.  Between  these  four  placentte,  which  are  in  contact 
with  one  another,  there  is  formed  an  open  space,  which  serves 
to  a certain  extent,  as  a prolongation  of  the  canal  of  the  style ; 
the  fom’  placentfe  are  united  a,t  the  lower  part  of  the  ovary.  In 
examining  the  transverse  sections  of  the  ovary,  the  attention 
must  also  be  directed  to  the  arrangement  of  the  jdacentse,  and 
to  the  di.stribution  of  the  ovules  uj)on  the  lattei*.  The  distri- 
biition  of  the  vascular  bundles  in  the  ovary  and  in  the  placenta'^ 
should  also  be  observed,  as  well  as  the  hairs  which  clothe  the 
ovary.* 

The  longitudinal  section  through  the  middle  of  the  o-cary  is 
regulated,  partly  by  the  arrangement  of  the  placenta?,  and  partly 
by  the  position  of  the  style  and  stigma.  It  will  frequently  bo 
iiecessary  to  make  longitudinal  sections  in  different  directions 
through  the  middle  of  the  ovary,  and,  if  possible,  also  thi'ough 
the  middle  of  the  style,  and  through  j^art  of  the  stigma.  It 


* See  Schacht’s  “ Beitriige,”  &c.,  Chaji.  VI. 
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will  frequently  be  necessary  to  make  longitudinal  sections  in 
different  directions  tlirougli  the  middle  of  the  ovarv,  and,  if 
possible,  also  through  the  middle  of  the  style,  and  through  part 
of  the  stigma.  It  will  more  frequently  happen  that  from  the 
impossibility  of  making  such  longitiidinal  sections  the  stigma 
and  style  must  be  examined  se}>arately.  In  examining  longi- 
tudinal sections  of  the  ovary  the  attention  must  again  be  directed 
to  the  placentfe  and  o\’ules,  to  the  position  of  the  latter,  to  the 
connexion  of  the  canal  of  the  style  Avith  the  hollow  of  the  ovary, 
to  the  distribution  of  the  vascular  bundles  which  pass  from  the 
jAeduncle  into  the  ovary,  and  to  the  subsequent  ramifications  of 
these  bundles  in  the  other  ])arts  of  the  flower. 

The  most  important  part  of  the  ovary  is  the  ovule,  the  con- 
dition of  which  at  the  period  of  blossoming  must  be  considered. 
Three  tilings  must  be  attended  to  in  considering  the  OAuile. 
1st.  The  existence  and  the  number  of  the  coats  of  the  ovule  ; 
2ndly.  The  position  of  the  OA'ule,  and  especially  the  situation  of 
the  micro pyle  with  regard  to  the  hilum;  3rdly.  The  situation 
of  the  embryo-sac,  and  its  relation  to  the  nucleus. 

These  questions  can  seldom  be  solved  by  examining  the  whole 
OAUile ; in  the  Orchideje,  in  Monotropa,  and  in  certain  species  ol 
P^Tola,  the  ovules  of  which  are  very  small  and  transjiai’ent, 
and  whose  delicate  nature  precludes  the  possibility  of  preparing 
them  in  any  way,  it  is  possible,  by  accurate  adjustment,  to 
examine  the  OAUiles  entire.  In  most  cases,  however,  thin  lon- 
gitudinal sections  must  be  made  exactly  through  the  middle  of 
the  ovule;  in  particular  cases,  such  as  in  OEnothera,  the  best 
way  of  doing  this  is  to  make  thin  longitudinal  sections  through 
the  ovary  itself ; amongst  the  many  ovules  which  will  be  thiis 
cut  through,  some  will  be  found  here  and  there  to  liaA-e  been 
accurately  divided;  these  must  be  extracted  under  the  simjjle 
microscope.  In  other  plants,  such  as  Iris  and  Cucurbita,  a 
transA'erse  section  is  more  advantageous.  In  almost  all  other 
cases  it  will  be  necessary  to  detach  the  ovule  itself,  to  place  it 
upon  the  forefinger,  and  to  make  two  cuts  through  it  with  a 
very  sharp  razor,  so  as  to  obtain  a thin  longitudiual  lamella 
forming  exactly  the  middle  of  the  ovule.  The  best  way  of  doing 
this  is  to  slice  off  one  side  of  the  ovule,  to  turn  the  OA'ule  round 
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with  a fine  camel’ s-hair  brush,  and  then  to  slice  off  the  other 
side  of  the  ovule.  The  section  thus  obtained  must  be  placed 
under  the  microscope;  if  it  be  only  a moderately  good  one,  it 
may  frequently  be  improved  by  a third  or  fourth  cut  made  in 
the  same  manner.  The  correct  position  of  the  OAude  upon  the 
finger  must  first  be  ascertained  by  the  help  of  a lens.  The 
ovules  of  all  the  Personatse,  of  the  Labiatse,  of  the  Boraginere, 
of  the  Coniferse,  &c.,  require  to  be  treated  in  this  manner.  In 
particular  cases  tlie  existence  of  the  coats  of  the  ovide  cannot 
be  clearly  ascertained  even  Avith  the  most  successful  sections — 
this  is  particularly  the  case  Avhere  the  nucleus  is  A^ery  slightly 
developed  and  A^ery  soon  displaced  by  the  embryo  sac.  In  this 
case,  unless  the  nature  of  the  dcA^elopement  is  knoAAui,  it  must  be 
doubtful  Avhether  a naked  nucleus  or  a single  highly-deA’eloped 
integument  is  present.  As  an  instance  of  this,  I may  mention 
Asclepias  Syriaca,  the  developement  of  Avhich  Avill  be  fully  con- 
sidered hereafter. 

With  respect  to  the  position  of  the  OAuile,  three  principal 
types  may  be  mentioned.  1st,  The  orthotropal  OA'ule,  Avhere 
the  micropyle  lies  in  a direct  line  OA^er  the  hilum,  a.s  in  Hydro- 
charis,  Taxus,  Juglans  and  Polygonum  ; 2ndly.  The  anatrojial 
OAOile,  where  the  micropyle  lies  near  the  liilum,  and  Avhere  the 
raphe  or  vascular  bundle  of  the  funiculus  runs  along  one  side  of 
the  OAuile,  as  in  C\icurbitacca3,  Iridete,  Liliaceae,  Impatiens,  Yiola, 
and  Orchidese,  In  this,  as  Avell  as  in  the  first-mentioned  kind 
of  ovnle,  the  chalaza,  that  is,  the  place  Avhere  the  A’ascrdar  bundle 
of  the  funiculus  terminates,  lies  opiwsite  to  the  microjiyle,  and 
the  nucleus  and  embryo  sac  are  not  bent.  The  third  species  of 
ovide  is  the  campylotropous  oAUile.  In  this  case,  the  de\’elope- 
ment  of  all  the  parts  has  taken  place  only  on  one  side.  The 
micropyle  lies  near  the  hilum,  the  raphe  is  A*ery  short,  and  the 
embryo  sac  is  bent.  There  are  numberless  intermediate  forms 
and  modifications  of  these  types  to  Avhich,  in  some  cases,  special 
names  have  been  giA’en ; such  names,  hoAvever,  are  insufficient 
to  characterise  them.  Careful  draAvings  of  different  kinds  of 
OAUiles  Avill  bring  out  their  peculiar  forms  fiu*  better  than  the 
most  ample  Avritten  descriptions. 

In  considering  the  embryo  sac,  it  is  e.sj)ecially  important  to 
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attend  to  its  relation  to  the  nucleus.  In  the  Orchidese  and 
Personatse  the  nucleus  is  at  an  early  period  displaced  by  the 
embryo  sac.  In  the  Phinanthacete,  Orobanchete,  Acanthacese, 
and  Labiatse,  the  embryo  sac  frequently  produces  sac-shaped  elon- 
gations which  absorb  the  parenchyma  of  the  single  integument, 
break  through  it,  and  often  protrude  into  the  hollow  of  the 
ovary.  The  only  way  of  obtaining  a clear  view  of  this  very  in- 
teresting condition  of  the  embryo  sac  is  by  means  of  a very 
thin  longitudinal  section  carried  through  the  middle  of  the 
ovule.  Attention  must  also  be  ])aid  to  the  presence  of  a real 
endosperm  at  the  time  of  flowering.  This  may  be  observed  in 
the  Personatse,  Haloi’agete,  and  Hippuridea3.  It  is  also  im- 
portant that  the  observer  should  satisfy  himself  as  to  the  exist- 
ence of  peculiar  cells  at  the  apex  or  at  both  extremities  of  the 
embryo  sac. 

There  are  many  other  collateral  organs  of  the  flower,  such  as 
the  imi^erfect  stamens,  the  nectaries,  the  disc,  &c.,  to  which  it 
is  not  necessary  more  particularly  to  refer.  Whoever  carefully 
follows  the  directions  here  given,  cannot  possibly  overlook  any 
such  organ  if  it  be  present. 

The  dii-ections  given  for  the  examination  of  the  ovaiy  will 
aj^ply  to  the  examination  of  the  ripe  fruit.  Particular  attention 
must  here  be  paid,  in  an  anatomical  point  of  view,  to  the 
changes  in  the  formation  of  the  tissue,  to  the  absorptions  which 
ai'e  found  to  take  place,  &c.  Morphologically  the  form  and 
the  nature  of  the  dehiscence  of  the  fruit  will  be  of  importance, 
and  it  will  be  necessary  also  to  observe  the  changes  of  the 
other  parts  of  the  flower,  and  to  ascertain  whether  they  fall  off* 
soon  after  the  period  of  flowering  or  whether  they  remain 
behind,  and  what  effect  they  have  on  the  form  of  the  fruit  or 
upon  its  condition. 

The  ri})e  seed  is  examined  in  the  same  way  as  the  ovide,  and 
in  order  to  obtain  a correct  idea  of  its  moi-]»hology,  we  have  to 
consider  its  form  and  the  nature  of  its  outer  sm’face.  By 
means  of  thin  transverse  and  longitudinal  sections,  the  observer 
will  be  convinced  of  the  transformation  of  the  single  or  double 
integument  into  the  testa  of  the  seed,  and  will  satisfy  himself 
of  the  presence  or  absence  of  the  pre-existing  nucleiis,  the 
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tissue  of  wliich,  when  it  exists  in  the  fruit,  is  called  the  peri- 
spenn,  or  exterior  albmnen,  as  in  the  Nyinphaeacese.  By  means 
of  these  sections  he  also  ascertains  the  pi’esence  or  absence  of 
the  peciiliar  albumen  or  endosj^erm,  a kind  of  parenchyma 
which  is  formed  in  the  interior  of  the  embryo  sac;  and  lastly, 
he  learns  the  nature  of  the  cells  of  the  embryo  itself. 

In  makiii"  these  investigations,  the  contents  of  the  cells  must 
be  tested  with  iodine,  and  the  iodized  solution  of  chloride  of  zinc. 

In  examining  tlie  embryo  itself  and  its  position  in  the  ripe 
seed,  it  is  often  advantageous  to  divide  it  into  two  equal  parts, 
and  to  take  a moderately  thin  transverse  section  of  it.  It  is 
a good  plan  to  soften  hard  seeds  by  soaking  them  in  water 
for  twenty-four  hours.  It  will  often  be  advantageous  to  detach 
the  whole  embryo,  and  to  treat  it  separately  from  the  seed.  In 
difficidt  cases  it  must  be  examined  on  all  sides  Avith  incident 
light  under  a low  magnifying  power,  and  must  be  illuminated 
in  many  difierent  ways.  The  embryo  of  dicotyledonous  plants 
will  seldom  be  difficult  to  examine.  The  parts  to  be  distin- 
guished are  the  axis  and  the  cotyledons.  The  axis  is  that  pai’t 
of  the  embryo  which  terminates  in  the  direction  of  the  micro- 
pyle,  in  the  form  of  a little  root,  and  the  other  end  of  which 
forms  the  plumule.  The  cotyledons  proceed  from  this  axis. 
Many  Coniferte  have  more  than  tAvo  cotyledons ; the  tAvo  cotyle- 
dons of  the  Lime  are  only  leaA^es  with  many  deep  incisions ; the 
Orobancheje,  Monotxnjia,  and,  amongst  monocotyledons,  the 
Orchidese,  have  no  cotyledons.  The  phimule  is  highly  deA^eloped 
in  some  plants.  In  Tropseolum,  for  instance,  tA\"o  complete 
leaves  are  to  be  found.  In  other  plants,  on  the  contrary,  such 
as  Pedicularis,  Impatiens,  and  Hippuris,  it  is  only  to  be  seen  in 
the  form  of  a slight  protuberance  betAveen  the  cotyledons.  The 
embryo  of  the  Walnut  has,  in  addition  to  the  tAvo  cotyledons, 
numerous  buds  Avhich  appear  in  tAA'o  longitucbnal  roAvs.*  The 
radicle  of  all  dicotyledons  Avhich  I haA^e  examined  is  fiu’uished 
with  a root-cap.  Pith  and  bark  are,  in  all  of  them,  separated 
by  the  cambium-ring;  in  many  cases,  as  in  the  Oak,  the  Walnut, 

* See  Schacht’s  “ Obsei’A'ations  ou  the  germination  of  the  walnut,”  in 
his  “Beitriige  zur  Anatoiuie  und  Physiologie  Jer  Gewachse,”  Abschn.  VII. 
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and  Viseum,  some  vessels  are  to  be  found  even  in  tbe  embiyo. 
The  embiyo  of  monocotyledons  })resents  gi-eater  difficulties — 
difficulties,  in  fact,  which  frequently  can  only  be  got  over  by 
attending  to  the  developement  of  the  embryo.  Accurate  longi- 
tudinal sections  are  here  of  great  im})ortance;  they  exhibit, 
in  the  Gramineje,  the  developement  of  the  lateral  roots.  The 
radicular  end  of  the  embryo  of  monocotyledons  does  not  itself 
become  a root.  Monocotyledons,  therefore,  have  no  true  tap- 
root. In  the  grasses,  the  sheath  from  which  the  young  plant  is 
jn-otruded,  must  be  looked  upon  as  the  first  leaf  of  the  embryo- 
plant.  In  some  Palms,  two  or  throe  leaves  remain  sheath-like. 
The  formative  tissue  which  lies  under  the  plumule  of  the  em- 
bryo of  monocotyledons,  I designate  the  embryonic  layer ; from 
it  is  developed,  at  a later  period,  the  cambium-ring  of  the  stem ; 
from  this  tissue  originate  also  the  vascular  bundles,  and  the 
lateral  roots  of  the  germinating  plant  also  proceed  out  of  it. 

The  form  and  position  of  the  embryo,  and  the  presence  or 
absence  of  albumen  are  of  importance  in  systematic  botany. 

The  motion  of  the  juices  of  the  cell  must  not  be  passed  over 
in  silence.  It  is  not  to  be  seen  in  all  plants,  although  it  may 
be  conjectured  that  it  is  present  in  all  living  vegetable  cells. 
It  may  be  seen  in  the  simplest  form  in  the  hairs  of  the  roots 
of  Hydrocharis  morsus-rante,  for  which  purpose  a perfectly 
fresh  plant  must  be  taken  on  a warm  summer’s  day;  those 
hairs  on  the  roots  which  hang  doAvn  in  a flaccid  manner  will 
not  exhibit  the  motion,  but  it  can  generally  be  found  in  those 
which  stand  out  horizontally  from  a long  thin  root.  A piece 
of  one  of  such  roots  must  be  brought  under  the  microscope  and 
placed  under  a covering  glass,  and  one  particular  hair  must  be 
watched  continuously  and  attentively.  It  is  seldom  necessary 
to  wait  long;  the  motion  is  fi’equently  intexTupted  just  at  fii-st, 
but  generally  begins  afresh  in  a few  minutes.  The  stream  flows 
along  the  walls  of  the  cell,  and  is  clearly  seen  to  bend  back 
again  at  the  apex  of  the  bail*.  Thin  sections  of  the  young  leaf 
of  the  Hydi’ocharis,  and  of  the  leaves  of  Stratiotes  aloides  and 
Vallisnexda  spiralis,  exhibit  the  same  motion.  In  Vallisneiua, 
lax-ge  gx’anules  of  Chlorophyll  are  carried  along  by  the  stream. 
The  xixotion  iix  the  haii’S  of  the  stamens  of  Tx'adescaxxtia  is  ixxox’e 
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co:nplicated.  In  these  hairs  different  currents  may  be  dis- 
tinguished : the  larger  cuiTents  ti'aversing  the  walls,  and  the 
smaller  currents  jDassing  from  the  cytoblast  to  the  walls;  the 
direction  of  the  latter  frequently  changes;  they  cease,  and  new 
ones  form  themselves.  The  hairs  of  the  young  ovaries  of 
CEnothci'a  and  Clarkia  exhibit  similar  movements.  Warm, 
clear  days  and  perfectly  fresh  plants  are  necessary  for  observing 
these  movements.  The  movement  of  the  contents  in  the 
parenchymatous  cells,  as  in  the  Snowberry  and  in  the  youngest 
cells  of  the  endosperm  of  Pedicularis,  <tc.,  is  much  less  fre- 
quently seen ; it  depends  upon  a jDecidiar  condition  of  the  cells 
which  may,  by  good  foidmie,  be  sometimes  met  with.  I have 
observed,  on  two  occasions  only,  but  then  in  the  greatest  per- 
fection, a very  complicated  movement  in  the  prolongation  of 
the  embryo-sac  of  Pedicularis  sylvatica.  Any  person  who  has 
carefully  observed  these  appearances,  if  it  be  only  twice  in  his 
life,  will  easily  be  convinced  that  they  cannot  be  explained  u})on 
the  supj^osition  of  any  vascular  system  in  the  interior  of  the 
cells,  but  that  the  motion  pi-oceeds  from  a fluid,  which  is  sepa- 
rated from,  and  does  not  mix  with,  the  rest  of  the  fluid  con- 
tents of  the  cell.  By  ajqilying  iodine,  or  iodine  and  sulphuric 
acid,  the  fluid  is  turned  yellow,  and  the  motion  then  ceases,  but 
there  are  many  cases  (Chara  for  instance)  in  which  syrup  does 
not  stop  the  motion ; the  primordial  utricle  generally  becomes 
somewhat  contracted,  and  separates  itself  from  the  cell -wall, 
and  the  motion  becomes  slower. 

On  tl»e  of  liive«tig'atiiig'  tlio  flovelopeiiiont  of 

— lu  tracing  the  developement  of  a i)lant,  it  is  necessary,  if  the 
inqufry  is  to  be  of  any  scientific  value,  to  go  back  to  the  jn-i- 
mary  origin  of  the  plant,  or  of  the  part  under  investigation.  In 
tracing  the  developement  of  the  embryo,  therefore,  it  is  neces- 
sary to  show  with  certainty  the  origin  of  its  fii*st  cell ; the  deve- 
loi)ement  of  the  flower  must  be  traced  from  the  appeai'ance  of 
the  floral  axis,  as  a sinq)le  round  cellulai*  little  body  in  the  axil 
of  the  bract.  In  conducting  the  investigation,  care  must  be 
taken  not  to  overlook  any  matter  of  importance;  where  the  in- 
vestigation is  complete,  i.  e.,  where  the  developement  is  followed 
out  in  all  its  successive  stcj)s,  great  service  is  rendered  to  science ; 
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and  it  is  by  so  doing  alone  tliat  clear  ideas  upon  the  subject  can 
be  formed.  In  questions  relating  to  developeinent  fresh  plants 
only  must  be  used. 

It  would  be  almost  impossible,  from  their  variety,  to  point 
out  the  method  of  tracing  the  developeinent  in  the  individual 
groups  of  cryptogamous  plants.  I will  only  shortly  mention 
what  I consider,  at  present,  to  be  most  requisite  for  the  ad- 
vancement of  science  in  this  respect ; and  the  fir.st  thing  to  be 
mentioned  is  inquiry  as  to  the  germination  oj  cryptogamous  plants 
in  general.  Hofmeister’s  work  on  the  developement  of  the  higher 
Cryptogamia  will  serve  as  a model  for  this  inquiry.  In  inquiries 
of  this  nature  it  woidd  be  necessary  that  attention  should  be 
particularly  directed  to  the  effect  produced  by  the  antherozoids 
upon  the  first  cell  at  the  bottom  of  the  pistillidium,  or  at  the 
bottom  of  the  germ-organ,  and  wherever  it  is  possible  the  na- 
ture of  this  effect  should  be  followed  out.  No  one,  however, 
should  undertake  original  investigations  of  this  nature  who  has 
not  had  considerable  experience,  but  at  the  same  time  it  would 
be  very  instructive  for  yiersons  of  less  experience  to  repeat  the 
experiments  of  Hofmeister,  Mettenius,  and  other  well  known 
observei's.  For  the  investigation  of  the  germination  of  Ferns, 
which  I have  myself  followed  out,  I can  give  a few  hints.  I 
may  mention,  as  a point  of  great  importance,  the  developement 
of  the  reproductive  organs,  and  the  origin  of  the  spores  within 
the  sporangia,  the  existence  of  gemmae,  their  origin  and  deve- 
lopement, and  lastly,  the  developement  of  the  true  antheridia, 
and  of  their  phytozoary  cells,  must  also  be  considered. 

Besides  the  above-mentioned  inquiries,  many  very  interesting 
questions  might  be  suggested,  depending  upon  the  peculiarity  of 
the  particular  group  or  even  genus.  Late  investigations  have 
rendered  the  formation  and  germination  of  the  spores  of  Algae 
questions  of  gi-eat  importance.  There  are  many  Algae  in  which 
spores  differing  widely  from  one  another  are  known  to  exist. 
These  spoi’es  are  primarily  di\T.ded  into  zoospores  and  motionless 
spores.  The  zoospores  originate  within  a mother-cell,  sometimes 
singly,  sometimes  in  greater  numbers;  they  are  furnished  with 
vibratory  cilia,  the  number  and  position  of  which  is  difierent  in 
difierent  plaints.  The  zoospores  of  V aucheria  are  covered  vuth  cilia 
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over  their  wliole  surface;  in  Q^dogonium  the  cilia  are  collected 
at  one  spot  like  a brush ; the  greater  number  of  Algte,  however, 
have  oidy  two  or  three  cilia  situated  neai'  one  another.  The 
zoospores  generally  emerge  all  together  from  a fissiu’e  in  the 
mother-cell;  they  continue  in  motion  for  a greater  or  less  time, 
accoi’ding  to  the  S2>ecies;  the  motion  becomes  gradually  slower, 
the  spore  elongates,  the  cilia  disappear,  the  spore  lies  still  and 
germinates,  and  a new  Alga  is  produced  from  it.  It  is  often 
difficult  to  distinguish  a zoospore  from  an  Infusorium.  It  is 
necessary  to  have  thoroughly  observed  the  origin  of  the  zoospore 
in  the  intei'ior  of  the  cell  of  an  Alga,  as  well  as  the  pi-oduction 
of  a new  Alga  by  its  germination,  befoi'e  the  obsei’vei’  can  be 
quite  secure  from  mistakes ; generally,  however,  the  motion  of 
a zoospore  is  different  from  that  of  an  infusorium ; the  former  is 
much  more  regular.  In  order  to  be  able  to  observe  one  par- 
ticiilar  zoospore  for  any  length  of  time,  it  is  advisable  in  the 
first  place  to  lay  the  threads  of  the  Algje  which  contain  the  ripe 
zoos23ores  across  one  another,  and  to  cover  them  with  a covei'- 
ing  glass,  so  that  when  the  zoosj^ores  appear  they  are  confined 
within  a limited  space.  These  observations  can  only  be  made 
in  summer,  and  upon  clear  days ; the  zoospores  generally  escape 
from  the  mother-cell  early  in  the  moiming.  The  red  show, 
(Chlamido-coccus  pluvialis),  which  may  be  kept  dried  in  paper  for 
years,  germinates,  even  in  winter,  if  brought  into  water,  in  the 
sjiace  of  from  twenty-four  to  forty-eight  hours.  A fragment  of 
the  green  or  red  mass  which  is  formed  by  these  unicellular 
plants  should  be  put  into  a watch-glass  with  water,  and  placed 
in  a warm  room  exposed  to  the  light.  Here  also  the  escaj>e  of 
the  zoospores  takes  place  in  the  morning,  or  at  least  in  the 
early  part  of  the  day,  more  frequently  than  in  the  afternoon. 

In  addition  to  the  peculiar  zoospores  above-mentioned,  the 
germination  of  which  is  in  most  cases  known,  we  find,  under 
certain  circumstances,  in  the  san\e  tribe  of  plants,  smaller  cells, 
called  Microgonidia,  which  are  endowed  with  motion,  and  are 
generally  fm-nished  with  Hbrating  cilia;  the  germination  of 
tliese  Microgonidia  has  not  yet  been  observed;  they  are  pro- 
bably analogous  to  the  small  cells  of  a similar  nature  which  oc- 
cur in  the  antheridia  of  the  Fucacete  and  Floridese,  and  to  the 
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small  cells  of  the  Fungi  and  Lichens  which  have  been  called 
spermogonia.  I have  observed  the  zoospores  in  Ulothiix  and 
Chlainidococciis,  as  to  which  I would  refer  to  my  ^vork  “ Die 
Pflanzenzelle,”  p.  121,  Plate  II.,  Figs.  20 — 39.  The  most  im- 

portant works  upon  the  subject  of  zoospores  are  those  of  Alex- 
ander Braun  (“Die  Verjungung  in  der  Natui’”),  Thuret  in  the 
“ Annales  des  Sciences  Natimelles,”  Vol.  XY.,  No.  4;  F.  Cohn. 
“ Nova  acta  Academ,”  L.  C.,  Yol.  XXII.,  and  N.  Pringsheim 
ib.,  Yol.  XXIII. 

In  Spirogyra  the  reproduction  of  the  plant  diu’ing  the  winter 
is  effected  by  means  of  motionless  spores  which  originate  from 
the  copidation  of  two  cells ; in  summer  the  plant  is  reproduced 
by  the  separation  of  single  cells  (which  become  independent 
plants)  and  perhaps  also  by  means  of  zoospores.  The  same  re- 
lation between  the  zoospores  and  the  motionless  spores  seems  to 
obtixin  generally ; by  means  of  the  former,  which  germinate  im- 
mediately, the  plant  is  reproduced  in  Summer ; by  the  latter, 
which  generally  appear  in  the  Autumn,  the  existence  of  the 
plant  during  the  Winter  is  secimed. 

Amongst  the  Fungi  and  Lichens  also  attention  should  be 
directed  to  the  different  kinds  of  spores,  and  the  mode  of  their 
fonnation  and  germination  shoidd  be  observed.  This  will  afford 
a large  field  for  investigation.  In  the  higher  Algae,  inquiry 
might  be  made  into  the  natm-e  of  their  growth,  and  especially 
as  to  the  mode  of  thickening  of  their  perennial  stems.  In  the 
bmgi,  the  effect  of  chemical  agents  upon  the  cellular  membrane, 
in  its  old  and  young  state,  might  be  observed.  In  the  leafy 
liverworts,  an  examination  into  the  mode  of  developement  of 
the  perigone,  as  to  which  few  accurate  observations  have  been 
made,  would  be  desirable;  and  with  respect  to  all  the  Cryp- 
togamia  which  have  stems  and  leaves,  an  investigation  of  the 
developement  of  those  organs  would  be  very  valuable. 

In  order  to  bring  about  germination  in  ferns,  the  best  plan  is 
to  take  a large  fragment  of  a frond  with  ripe  spores  upon  it,  to 
place  this  fragment  upon  moist  garden-mould  in  a flat  earthen- 
ware vessel,  and  to  cover  it  with  a glass;  the  mould  must  be 
kept  sufficiently  moist,  and  the  vessel  placed  in  a tolerably  warm 
shady  place.  After  a time,  varying  from  a fortnight  to  five 
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weeks,  the  .spores  generally  begin  to  germinate;  the  first  indica- 
tion of  which  is  a green  ])ai‘enchymatous  expansion.  Ptei'is 
serrulata  gei’ini  nates  very  ea.sily.  Some  S])ores  should  then  be 
token  \ip  and  rinsed  with  water.  The  antheridia  in  the  younger 
specimens  are  very  beautifid.  When  the  germ  has  assumed  a 
leaf-like  form,  transvei’se  sections  must  be  made  with  the  section 
instrument : this  is  ini])ortant  when  it  is  wished  to  observe  the 
genu-organ  and  its  developement ; the  germ-organ  is  closed  at 
first,  and  afterwards  opens.  Accurate  observations  as  to  the 
oiigin  of  the  })rimajy  cell  within  this  germ-organ,  and  of  tlie 
relation  between  the  germ-organ  and  the  spiral  filaments  or 
antherozoids  would  be  of  the  highest  importance  to  science.  In 
examining  the  spiral  filaments,  it  is  important  to  obsei've  their 
developement,  their  mode  of  escape  from  the  antheridia,  the 
number  of  their  coils,  the  manner  in  which  they  are  covered 
with  cilia,  the  nature  of  their  movements,  and  the  manner  in 
which  they  are  afiected  by  chemical  agent.s. 

The  spores  of  liverworts  generally  germinate  very  easily  in 
white  moist  sand  under  a glass.  The  genus  Pellia  germinates 
in  a few  days.  Those  spores  which  have  a tough  cuticle  recpiire 
a somewhat  longer  time.  The  spores  of  the  Equisetacea  only 
germinate  when  quite  fresh;  the  examination  of  the  pro-embryo 
is  canned  on  in  the  same  manner  as  in  ferns.  The  developement 
of  the  pistillidia  in  mosses  and  liverwoi’ts  may  bc.st  be  seen  liy 
taking  a thin  longitudinal  section  through  the  middle  of  the 
young  stem.  They  are  found,  like  the  germ-organ  of  ferns,  to 
be  always  closed  in  the  first  instance,  and  afterwards  they  open 
at  their  apex.  In  order  to  follow  out  the  developement  of  the 
spores,  thin  longitudinal  and  transverse  sections  must  be  taken 
from  time  to  time  through  the  situs  of  the  spores,  from  the 
earlie.st  stage  until  the  spores  are  ripe.  The  use  of  re-agents 
will  here  be  essential.  Blasia  and  Pellia  are  particularly  well 
adapted  for  tracing  the  developement  of  the  sjun-es.  In  order 
to  trace  out  the  origin  of  gemm.'e,  it  is  necessary  to  observe  the 
transformation  of  certain  cells  of  the  mother  plant,  and  their 
subsequent  developement  into  geminaq  which  m\ist  be  done, 
either  by  means  of  longitudinal  and  transverse  sections,  or  by 
carefully  detaching  the  particular  parts  to  be  observed.  In 
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Blasia  the  gemnue  remain  for  some  time  united  to  the  mother- 
plant  by  a many-jointed  cellular  stalk.  In  the  liverworts  the 
pistillidia  always  make  their  appearance  before  the  })crigone  or 
cup;  the  fonnation  of  the  latter  seems  not  to  take  place  until 
the  rudiments  of  the  fruit  have  been  formed  in  the  interior  of 
the  pistillidium.  The  perigone  is  not  foinied  of  leaves  ginwu 
together;  it  originates  in  the  form  of  an  annular  swelling 
around  the  pistillidium,  as  may  be  seen  in  Liochla3na  lanceolata 
and  Frullania  dilatata. 

The  developemcnt  of  the  stems  and  leaves  of  cryptogams,  as 
well  as  of  their  vascular  bundles,  must  be  investigated  in  the 
same  manner  as  in  the  case  of  phanerogamous  plants. 

On  the  inve^tig-atioii  of  the  ileveloiieinent  of  tlie  !^tein,  the 
Hoot  aiul  tlie  JLeaveM,  and  of  tlie  Vascular  UundleM  contained 
in  tiieui. — In  traciug  the  developement  of  the  stem  and  leaves, 
two  modes  of  proceeding  may  be  adopted.  The  first  is  to  ex- 
amine the  ])lant  at  the  time  of,  and  subsequently  to,  germina- 
tion; the  other  is  to  follow  out  the  developement  of  the  bud, 
and  of  the  young  branch.  In  order  to  ariive  at  a satisfactoiy 
result,  both  methods  should  be  pm’sued.  In  both  it  is  neces- 
sary, in  the  first  instance,  to  take  very  thin  longitudinal  sections 
directly  through  the  middle  of  the  apex  of  the  stem.  If  a sec- 
tion is  thus  made,  the  apex,  whether  it  originate  from  a germ 
or  a bud,  will  be  found  to  be  a small  closed  protubemnce  of  a 
more  or  less  conical  shape,  clothed  with  a delicate  epidermis, 
and  underneath  this  jjrotuberance  will  be  found  a tissue,  con- 
sisting of  small  cells  quite  filled  with  a granular  substance  which 
is  rich  in  nitrogenous  matter.  This  tissue  loses  itself  lower 
do^vn  in  the  different  tissues  of  the  stem,  and  is  therefore  in 
dh-ect  connexion  with  the  cambium-ring.  The  vascvdar  bundles 
originate  in  the  cambium-ring,  around  which,  and  in  which, 
and  by  means  of  which,  these  bundles  become  further  developed ; 
on  this  account  the  vascular  bundles  are  always  most  fully  de- 
veloped in  the  loxoer  part  of  a branch,  where  the  growth  always 
takes  place  from  below  upwards ; this  is  very  remarkable  aroimd 
the  wood-ring  at  the  time  of  the  unfokUng  of  the  buds  of  Dico- 
tyledons. If  a very  careful  longitudinal  section  be  made  through 
the  apex  of  a young  branch,  the  age  of  the  cells  may  be  accu- 
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rately  investigated ; tlie  deeper  tliey  lie  the  more  fully  deve- 
loped tliey  will  be  found  to  be,  both  in  length  and  breadth,  and 
in  the  degree  of  their  thickening;  they  are  younger  and  less  de- 
veloped in  ])roportion  as  they  are  nearer  to  the  apex.  If  a 
section  of  this  nature  is  treated  with  iodine  and  sulpluiric  acid, 
the  lower  parts  of  it  immediately  become  blue;  towards  the 
apex  this  change  of  colour  takes  place  cpiite  gi’adually,  and 
passes  through  the  most  various  shades  of  yellow,  and  through 
red  and  violet,  to  blue.  The  conical  end  of  the  stem  frequently 
does  not  turn  blue  for  many  hours,  but  it  becomes  rose-i’ed  on 
the  application  of  sugar  and  sul])huric  acid. 

Beneath  this  conical  ])rotuberance,  which  may  be  called  the 
terminal  bud,  or  Punctum  vegetationis,  and  on  both  sides  of  it, 
if  the  section  be  well  made,  are  to  be  seen  other  small  protu- 
berances, which  ai'e  coA-ered  with  the  same  delicate  epidermis 
as  the  Punctum  vegetationis,  and  which  con.sist  of  cells  of  the 
same  nature  as  those  forming  the  tissue  of  the  Punctum  A’ege- 
tationis.  These  small  protube}’ances  appear  to  be  more  deve- 
loped in  proportion  as  they  are  situated  loAver  down  upon  the 
stem ; they  may  easily  be  seen  to  be  the  rudiments  of  leaves. 
Shortly  after  the  appearance  of  these  laidiments  of  leaves,  and 
in  fact  in  their  axils,  a similar  wart-like  protidjerance  is  often 
l^roduced,  which  becomes  an  axillary  bud.  The  leaf  is  generally 
developed  withoiit  delay ; its  axillary  bud,  on  the  other  hand, 
remains  at  rest  for  a time,  and  then  becomes  develojied  into  a 
branch  or  a leaf.  The  apex  of  the  leaf  ahvays  dies  first ; it 
often  becomes  developed  into  a mucro.  In  dicotyledonous  })lants, 
whilst  the  mid-rib  and  veins  continue  to  be  developed,  the  edge 
of  the  leaf  ceases  to  form  neAv  cells;  the  edge  thus  becomes 
dentate,  serrate,  &c.  The  ju’incipal  veins  proceed  fiom  the 
mid-rib  ; the  secondaiy  and  inferior  veins,  which  do  not  extend 
to  the  edge  of  the  leaf,  then  make  their  appearance  in  succes- 
sion. AVhen  the  foxnidatioji  of  all  the  impoidant  parts  of  the 
surface  of  the  leaf  has  been  laid,  it  begins  to  grow,  apparently 
with  tolerable  regularity,  by  cell-extension.  .Por  tracing  the 
dei^elopement  of  leaves,  young  buds  should  be  chosen,  and  the 
young  leaves  removed  one  by  one  \mtil  the  PTinctum  A^egeta- 
tionis  is  reached,  and  the  latter  must  then  be  brought  imder 
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tlie  simple  microscope.  By  tliis  means  the  stejis  of  develope- 
ment  are  followed  out  successively ; the  youngest  leaves  natu- 
rally lie  close  under  the  Punctum  vegetationis.  Longitudinal 
sections  through  the  middle  of  the  bud  are  also  necessary  in 
tracing  leaf-developement ; care  must  be  taken  that  such  a 
section  j^ass  accurately  through  the  middle  of  the  cone  of  the 
Punctum  vegetationis,  since  oblique  sections  give  rise  to  errone- 
ous ideas ; transverse  sections  at  different  heights  are  also  neces- 
sary in  order  to  become  acquainted  with  the  position  of  the 
leaves  in  the  biid.  The  mode  of  growth  mitst  also  be  particu- 
larly observed;  it  will  always  be  found  that  the  apex  of  a leaf 
is  the  part  at  which  the  formation  of  new  cells  first  ceases. 
The  origin  of  axillary  buds  must  also  be  observed ; it  would  seem 
that  they  are  always  formed  shortly  after  the  rudiments  of  the 
leaf  itself.  This  is  the  case  in  deciduous  trees,  in  acerose-leaved 
ti-ees,  and  in  the  Orchidete.  Lastly,  attention  should  be  directed 
to  the  formation  of  the  veins  in  succession  one  after  another, 
and  to  the  mode  of  growth  of  the  peduncle.  A comparison  of 
the  manner  of  developement  of  different  forms  of  leaves  will 
afford  interesting  results. 

The  Axillary  hud  consists  at  first  only  of  a small  conical  pro- 
tuberance, which  afterwards  becomes  elongated,  and  forms  what 
may  be  called  the  bud-stem;  the  rudiments  of  leaves  originate 
under  its  a})ex ; and  in  those  cases  where  the  bud  does  not  im- 
mediately become  developed  into  a branch  or  a leaf,  these  rudi- 
ments ultimately  form  scales.  Under  the  ju’otection  of  these 
scales  the  Punctum  vegetationis  rests  for  a period,  after  which 
new  leaves  are  formed  beneath  it,  which  either  continue  covered 
by  the  scales  during  the  winter,  or  break  out  immediately,  and 
complete  their  developement,  as  in  the  case  of  what  are  called 
the  second  shoots  of  trees.  In  the  leaf-buds  of  annuals  which 
are  immediately  developed  scales  are  seldom  found.  Flower- 
buds  cannot  at  first  be  distinguished  from  leaf-buds. 

Besides  the  terminal  bud  and  axillary  buds,  there  are  also  ad- 
ventitious buds,  which  originate  in  the  cambium-ring  of  the 
stem  and  of  the  root,  or  are  formed  in  the  leaf-parenchyma,  as 
in  Bryophyllum,  Cardamine  pratensis,  Malaxis  paludosa,  and  in 
many  ferns.  These  adventitious  buds  consist  at  first,  like  all 
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other  buds,  of  a small  cellular  protuberance.  The  clevelope- 
nieut  of  them  may  be  examined  by  means  of  longitudinal  and 
transverse  sections;  and  careful  attention  must  be  paid  to  the 
connexion  between  the  rudiments  of  these  buds  and  the  vascu- 
lar bundles  of  the  pai-t  from  Avhich  they  originate.  The  Puuc- 
tum  vegetationis  of  a stem-bud  sometimes  becomes  divided  into 
two  or  more  parts,  each  of  which  may  be  develojjed  into  a 
branch  or  a lioAver.  The  stem  of  Selaginella  i-amifies  in  this 
manner  as  Avell  as  the  ilhizome  of  Epipogium  and  Coiullorhiza. 
In  the  Beech,  the  tAvo  flowers  Avhich  are  enclosed  in  one  capsule 
also  originate  in  tliis  manner.  The  diA’ision  of  the  Punctum 
A'egetatiouis  of  stem-buds  and  root-buds  may  j^inbably  also  be 
observed  in  many  other  cases.  Good  longitudinal  sections  made 
at  diflerent  periods  of  developement  are  here  Anry  necessary, 
and  the  sections  must  pass  precisely  through  the  middle. 

In  order  to  follow  out  fully  the  deAmlopement  of  buds  a suffi- 
cient time  must  be  devoted  to  the  inquiry ; by  this  means  the 
obseiwer  ascertains  hoAV  long  a time  is  requii-ed  after  the  rudi- 
ments of  a bud  are  formed  before  it  becomes  develo]jed  into  a 
branch  or  floAver,  he  also  becomes  acquainted  Avith  the  dilferent 
periods  of  existence  of  different  buds.  For  instance,  the  biid 
which  forms  the  cone  of  Abies  pectinata  requires  tAvo  Avhole 
years  to  perfect  itself.  It  begins  to  be  formed  late  in  the 
summer,  and  almost  contemi^oraneoiisly  Avitli  the  leaf  in  the 
axil  of  Avliiclx  it  originates.  In  the  sxicceeding  sjxring  tj/is  bud 
forms  its  scales;  in  the  siunmer  the  inidiments  of  the  cone  are 
formed  under  the  protection  of  the  scales,  and  continue  under 
their  cover  duriixg  the  winter;  in  the  next  succeeding  spring 
{i.e.,  the  second  spring),  it  bursts  forth,  and  in  the  autumn  the 
cone  I’ipens. 

There  are  many  plants  in  Avhich  the  buds  Avhich  originate 
near  one  another  in  the  axil  of  the  same  leaf  become  deA’eloped 
in  a different  manner,  and  at  different  periods ; this  is  the  case 
Avith  the  Lime  and  the  Vine. 

With  regard  to  the  morpholog}^  of  buds,  it  is  necessary  to 
obsei-A^e  the  position  and  arrangenxent  of  the  leaA'es,  and  to 
notice  also  the  scales,  and  the  manner  in  Avhich  the  latter  ])ass 
by  degrees  into  true  leaA^es.  With  regard  to  the  anatomy  of 
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buds,  it  is  necessary  to  follow  out  acciirately  tlie  develo]ieinent 
of  the  stem.  In  order  to  render  the  investigation  valuable, 
every  impoidant  individual  part  of  the  bud,  and  the  changes 
which  take  place  therein,  must  be  accurately  and  progressively 
examined. 

Germination  must  be  followed  out  in  the  same  manner  as 
bud- de  velope  ment. 

The  formation  of  the  stem  and  the  origin  of  the  root  must 
be  observed.  In  dicotyledonous  plants  the  radicle  itself  becomes 
the  first  root,  and  forms  the  proper  tap-root.  In  Monocotyle- 
dons, on  the  other  hand,  one  or  more  adventitious  roots  oii- 
ginate  in  the  tissue  of  the  radicle. 

If  a thin  transverse  section  is  now  taken  close  under  the 
Punctum  vegetationis  of  a young  branch,  there  will  be  foxind, 
in  dicotyledonous  plants,  a number  of  dispersed  vascular  bundles, 
the  ligneous  cells  of  which  are  turned  towards  the  pith,  and 
the  cambium  towards  the  bark ; these  vascular  bundles  are 
sepax'ated  by  a mass  of  parenchyma,  often  of  gi’eat  Avidth,  which 
unites  the  pith  and  the  parenchyma  of  the  bark.  In  a very 
young  state  of  the  plant,  the  wood-cells  and  vessels  are  scarcely 
distinguishable  from  the  cambium,  and  the  liber-cells  are  gene- 
rally not  yet  present.  At  a subsequent  period  the  different 
parts  are  more  dearly  defined;  the  liber-cells  appear  on  the  out- 
side of  the  cambium,  the  vessels  become  extended,  and  the 
parenchyma,  which  at  first  separated  the  vascular  bundles  from 
one  another,  becomes  reduced  to  a narrow  remnant  constituting 
the  primary  medullary  rays.  A closed  ring  of  wood  is  now 
formed,  increasing  in  circumference  yearly  by  additions  from 
the  cambiimi-ring,  which  on  its  inner  side  forms  new  wood,  and 
on  its  outer  side  new  bai’k.  In  cryptogamoxis  and  monocotyle- 
donous  plants,  where  the  cambium  of  the  vascular  bundles  does 
not  coincide  with  the  cambium-rin{r,  the  stem  increases  in  thick- 
ness,  but  its  vascular  bundles  do  not  become  thickened,  but  ra- 
mify in  the  cambium-ring ; the  number  of  them,  therefore,  which 
is  met  with  in  a transverse  section  increases  with  the  age  and 
with  the  thickness  of  the  stem,  as  may  l)e  seen  in  many  Palms. 
When  the  activity  of  the  cambium-ring  ceases,  the  thickening 
of  the  stem,  or  of  the  root,  also  terminates.  In  order  to  trace 
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tlie  formation  of  the  young  wood,  it  is  necessaiy,  both  in  spring 
and  in  summer,  to  make  transverse  and  longitudinal  sections  in 
two  ditierent  directions;  the  sections  must  be  extremely  thin, 
and  the  cambiiun  especially  must  be  cut  through  quite  smoothly. 
It  is  sometimes  advisable  to  place  these  sections  for  a few  minutes 
in  a weak  alkaline  ley.  By  so  doing,  the  cambium  cells  frequently 
become  more  trans])arent ; glycerine  also  might  be  advantage- 
ously emj)loyed.  In  the  young  Avood-cells  of  Picea  vulgaris  a 
spii-al  band  may  be  clearly  seen,  as  well  as  the  gradual  fonnation 
of  the  pitted  vessels. 

Very  thin  longitudinal  sections  taken  from  the  apex  of  a 
young  twig,  such  as  those  which  have  been  recommended  for 
the  examination  of  the  stem  and  leaves,  afford  also  sufficient 
information  as  to  the  origin  of  the  vascular  bundles.  It  will 
be  seen  how  all  the  parts,  the  cambium,  the  wood,  the  vessels, 
and  the  liber-cells,  originate  underneath  the  Punctum  vegeta- 
tionis ; and  in  going  downwards  from  this  point  it  is  possible, 
by  means  of  very  careful  sections,  to  follow  out  the  develope- 
ment  of  these  different  species  of  cells,  and  to  perceive,  especially 
in  the  vessels,  the  gradual  formation  of  their  peculiar  thicken- 
ing layers.  It  will  be  seen  fimther,  how  the  increase  in  number 
of  the  cells  takes  place  principally  in  the  tissue  underneath  the 
apex  of  the  stem,  and  in  the  camluum  of  dicotj’ledonous  plants ; 
and  how,  on  the  other  hand,  the  growth  of  the  parts  further 
removed  from  the  Punctum  vegetationis  depends  chiefly  u])on 
an  iuci'ease  of  size  and  elongation  of  the  cells.  Cell-multiplication 
and  cell-extension  are  essentially  different.  This  distinction  must 
always  be  borne  in  mind  in  questions  relating  to  developement. 

At  the  places  where  yoiuig  leaves  originate  the  jiassage  of  the 
vascular  bundles  o\it  of  the  stem  into  the  leaf  may  be  seen,  in 
dicotyledonous  plants.  These  prolongations  of  the  vascular 
bundles,  out  of  which  the  veins  of  the  leaves  are  formed,  origin- 
ate almost  contemporaneously  with  the  first  rudiments  of  the 
veins.  I have  seen  the  same  thing  in  Epipogium  and  Goodyera, 
which  are  monocotyledonous  jflants. 

The  vascular  bundles  of  all  plants,  when  present,  generally 
appear  to  have  a certain  connexion  with  one  another,  which 
connexion  depends  upon  the  manner  in  which  they  originate. 
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It  is,  therefore,  incorrect  to  suppose  that  the  stem  is  formed 
out  of  leaves  grown  together;  the  nature  of  its  develoiJement 
shows  directly  the  contrary.  In  the  dicotyledonous  embryo  the 
simple  central  portion — that  is,  the  axis — a})pears  fiist ; the  two 
cotyledons  proceed  from  it  on  either  side,  and  between  the  coty- 
ledons lies  the  plumule,  which  answers  to  the  Puuctum  vegeta- 
tionis  of  the  apex  of  the  stem.  The  first  two  leaves,  therefore, 
are  formed  to  a certain  extent  out  of  the  stem  by  the  division 
of  it,  and  not  the  stem  by  the  growing  together  of  two  leaves. 
The  further  progress  of  developement  corroborates  this.  At 
the  points  where  new  leaves  originate  there  is  formed  contem- 
poraneously with  them  a side  branch  of  a vascular  bundle  of 
the  stem,  the  gro^vth  of  which  progresses  equally  with,  and  in 
the  same  manner  as,  the  growth  of  the  leaf.  The  leaf,  there- 
fore, receives  its  vascular  bundles  from  the  stem,  but  a new 
vascular  bundle  never  originates  in  the  leaf  to  unite  with  the 
vascular  bundles  of  the  stem,  The  same  rule  holds  with  respect 
to  the  origin  of  new  buds  in  the  axils  of  the  leaves  ; and  witli 
respect  to  the  cambium-ring  of  the  stem  and  of  the  root.  The 
first  rudiments  of  new  buds,  as  well  as  of  side-roots,  always 
originate  out  of  the  vascidar  bundle  of  the  stem.  The  only 
places  where  the  formation  of  much  new  substance  for  the  buds 
and  leaves  takes  place,  are,  the  apex  of  the  axis,  and  the  cambium 
of  the  vascular  bundles  of  the  stem. 

I have  dwelt  longer  upon  this  part  of  the  subject,  because  the 
point,  which  is  one  of  much  importance,  has  by  no  means  re- 
ceived the  attention  it  deserves,  and  but  few  well-grounded  ob- 
sei'vations  have  been  made  upon  the  subject.  It  is  of  the  greatest 
importance  that  very  accurate  sections  alone  shoidd  be  used ; 
oblique  sections  have  been  the  cause  of  much  error.  The  best 
way  of  guarding  against  this  error  is,  to  make  the  finest  ]x>s- 
sible  longitudinal  sections  through  the  apex  of  the  stem,  to 
})lace  them  together  under  the  microscope,  and  to  select  those 
sections  which  appeal’  to  be  cut  quite  perpendicularly  thi’ough 
the  stem,  as  well  as  exactly  through  its  middle.  When  such  a 
section  is  properly  made,  the  Punctum  vegetationis  always  ap- 
pears in  the  form  of  a small  cone ; if  this  is  not  the  case  the 
section  is  either  not  cut  perpendicularly  through  the  stem,  or 
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not  exactly  through  its  middle.  It  is,  moreover,  indispensable 
to  distinguish  acciirately  between  the  increase  in  number  of  cells 
and  their  iiicrease  in  size. 

For  triicing  the  developement  of  roots,  the  rules  given  for 
the  stem  will  generally  apply.  The  root  also  grows  at  its  aj)ex, 
but  it  is  covered  with  a root-cap,  i.  e.,  with  a layer  of  dead  cells ; 
it  cannot,  therefore,  form  leaves  in  the  same  manner  as  the 
stem,  the  conical  termination  of  which  is  uncovered.  In  the 
root,  therefore,  it  is  necessary  to  observe  the  origin  of  the 
root-cap  and  its  subsequent  developement.  The  developement 
of  the  tap  root  may  be  ti’aced  in  the  embryo  of  dicotyledons. 
The  origin  of  adventitious  roots  is  to  be  observed  in  the  embryo 
of  INIonocotyledons,  and  also  in  the  stem  and  in  the  roots  of 
plants.  Hoots  generally  ramify  Ijy  means  of  adventitious  roots ; 
the  bifurcation  of  the  conical  termination  of  the  root,  which 
is  to  be  seen  in  the  tuber  of  the  Orchis,  in  the  aerial  roots  of 
the  Gycadese,  and  in  the  swollen  knobs  of  the  Alder,  is  not 
of  freqiient  occurrence.  The  mode  of  formation  of  the  root- 
])ud  in  the  cambium-ring  of  a stem,  oi*  of  a root,  corresponds 
exactly  in  its  earlier  stages  with  the  mode  in  which  adventitious 
stem-buds  originate;  both  break  through  the  bark;  the  aj)pear- 
ance  of  the  root-cap,  however,  soon  distinguishes  the  root-bud 
from  the  stem-bud;  the  latter  does  not  begin  to  form  the  rudi- 
ments of  leaves  imtil  it  has  broken  throixgh  the  bark. 

Oil  tlio iiietlioil  of  examining'  tlie  tieveloiienient  of  Floivei’K. 

In  examining  the  developement  of  the  flowers  much  greater 
difficulties  will  be  met  with  than  in  tracing  the  developement 
of  the  stem,  the  root,  and  the  leaves.  From  the  minuteness  of 
the  object  it  is  impossible  always  to  regulate  accurately  tlu; 
direction  in  which  the  sections  are  made,  and  on  this  account  it 
is  often  necessary  to  select  out  of  many  sections  those  which 
happen  to  have  been  well  prepared,  and  some  experience  is  ne- 
cessary to  be  able  to  distinguish  the  good  sections  from  the  bad. 
Still  greater  difficulties  arise  in  the  case  of  irregular  flowers. 
The  growth  of  the  different  whorls  of  leaves  does  not  always 
}>rogress  siimdtaneously ; the  petals,  although  they  are  always 
formed  before  the  stamens,  frequently  lag  behind  the  stamens 
in  their  subsequent  develoiiement,  and  on  that  account  are  some- 
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times  liable  to  be  overlooked,  and  other  difficulties  frequently 
occur.  Eveiy  beginner,  therefore,  should  be  advised,  before 
commencing  the  study  of  the  developement  of  irregular  dowel's, 
to  make  himself  fully  acquainted  'svith  the  develo})ement  of  re- 
gular dowers.  The  dowers  of  fEiiothera,  Clarkia,  and  E})ilo- 
bium  are  well  adapted  for  this  purpose.  In  order  to  render  the 
investigation  more  easy,  it  is  necessary  to  select  plants  whicli 
have  a spiked  or  clustered  indorescence,  and  moreover  plants 
which  have  but  few  bail's.  The  longitudinal  section  througli  tlie 
middle  of  such  a spike  exhibits,  simidtaneously  in  the  axils  of 
the  bracts,  different  stages  of  the  developement  of  the  dower. 
Moreover,  when  the  dowers  have  but  few  bail’s,  the  examination 
of  them  is  much  less  liable  to  eiTor,  since  air  is  often  collected 
between  the  hairs,  and  this  must  d.rst  be  removed  with  alcohol, 
the  use  of  which,  in  such  young  specimens,  is  often  not  advisa- 
ble. In  examining  the  developement  of  the  dowers,  two  modes 
of  ])roceeding  may  be  adopted.  First,  the  parts  of  the  dower  in 
their  successive  stages  may  be  prepared  separately  by  the  aid  of 
the  simple  microscope  ; and,  secondly,  very  delicate  longitudinal 
and  transverse  sections,  in  certain  dednite  directions,  may  be 
made  through  the  whole  of  the  dower.  The  second  mode  of 
proceeding  is  decidedly  preferable;  it  is  more  rapid  and  more 
certain  in  its  results ; it  affords  a far  more  acciu’ate  insight  into 
the  internal  condition  of  the  dower  and  its  parts;  and  lastly, 
ffiter  a little  practice,  it  is  far  more  convenient  and  easily  ma- 
naged. In  preparing  the  separate  parts,  there  is  no  security, 
notwithstanding  the  greatest  dexterity  in  the  use  of  the  needle, 
against  their  being  injiu'ed ; and  dually,  the  observations  are 
rendered  difficult  by  the  fact  that  the  parts  of  the  dower  must 
be  ffiewed  as  bodies,  by  vai'ying  the  adjustment  of  the  micro- 
scope, and  cannot,  as  in  the  case  of  tlie  sections,  be  examined  as 
surfaces.  In  many  cases,  as  for  instance  in  examining  the  deve- 
lopeTiient  of  the  dowers  of  gi’asses,  both  methods  should  be  used. 

In  selecting  specimens  for  examination,  the  youngest  dower- 
ing branches  should  be  taken.  The  longitudinal  sections  should 
lie  made  Avith  the  rmassisted  hand.  The  section  must  be  very 
thin,  and  must  exhibit  accurately  the  middle  lamella  of  the 
dowering  branch ; and  in  examining  it,  the  terminal  bud  and 
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tlie  bracts  beneath  it  must  be  observed.  The  firet  rudiments  of 
the  flower  will  be  seen  within  the  bracts  in  the  form  of  a I’ound 
celhdar  little  body,  precisely  similar  to  the  first  rudiments  of  a 
leaf-bud;  this  cellular  little  body  is  the  pro})er  axis  of  the  dower. 
The  sepals  will  be  seen  in  the  form  of  little  round  warts,  situ- 
ated in  the  axils  of  the  Ijracts,  and  in  a circle  I'ound  the  cellular 
little  body  just  mentioned.  In  cases  where  the  section  bisects 
the  doral  rudiments  the  apex  of  the  doral  axis  is  seen  b(^tween 
the  rudiments  of  the  calyx  in  the  fonu  of  a round  or  conical 
protuberance.  In  such  a section  the  rudiments  of  the  diderent 
whorls  will  be  seen  in  succession  one  under  the  other. 

Having  gained  some  information  by  means  of  longitudinal 
sections,  the  observer  must  then  j)repare  thin  transvei’se  sec- 
tions, proceeding  from  the  apex  of  the  dower.  It  is  often  ad- 
visable to  make  these  transverse  sections  in  a direction  some- 
what oblique  to  the  principal  aj^^is,  inasmuch  its  the  pt)sition  of 
the  doral  rudiments  with  respect  to  that  axis  (i.  e.,  the  common 
dowering  stem)  is  generally  somewhat  inclined.  This  rule  is 
pai'ticularly  iq)})licable  to  those  dowers  which  are  situated  low 
down  on  the  stem.  It  is  important,  for  the  purposes  of  inves- 
tigation, that  the  transverse  sections  should  l>e  cleauly  m:ide,  and 
that  they  should  be  exactly  at  right  angles  with  the  longitmliiiid 
axis  of  the  doral  rudiments.  It  is  necessary,  therefore,  out  of  the 
number  of  doral  rudiments  through  which  one  such  section  ge- 
nerally passes,  to  select  those  which  appear  to  have  been  divided 
in  the  light  direction.  It  is  often  necessary  to  make  mauy  sec- 
tioijs  before  it  is  possible  to  obtain  perfect  sj)ecimens  of  the 
diderent  stages  of  developement.  It  is  jiarticularly  necessary 
to  follow  out  the  developement  continuously  stej)  by  stej),  and 
therefore  it  is  a good  plan  to  make  an  accurate  sketch  of  the 
outlines  of  all  successful  sections,  both  longitudinal  and  trans- 
vei’se.  If  such  longitudinal  and  transverse  sections,  token  from 
diderent  plants  in  similar  stages  of  developement,  are  comjiared 
with  one  another,  they  cannot  fail  to  lead  to  a right  understaml- 
ing  of  the  subject.  The  simple  microscoi)e  will  be  found  to  be 
indispensable  for  improving  longitudinal  sections  by  the  removal 
of  superduous  parts,  as  well  as  for  detaching,  for  preservation, 
})articular  portions  of  transverse  sections  of  the  entire  doral 
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rudiments.  Repeated  use  of  the  razor  is  often  necessary  for 
rendering  longitudinal  sections  more  complete. 

In  examining  the  developement  of  a flower  by  the  aid  of  a 
transverse  section,  the  folloAving  points  must  be  particularly 
attended  to : — 

1.  The  succession  of  the  floral  whorls,  and  their  number. 

2.  The  position  of  the  parts  of  one  whorl  with  respect  to 
those  of  the  preceding  one.  If  these  parts  do  not  alternate 
with  one  another,  the  rudiments  of  the  missing,  perhaps  sup- 
pressed, whorl  must  be  sought  after ; if  tlrey  are  not  found,  it 
does  not  necessarily  follow  that  there  should  be  a malformation 
of  the  whorl. 

3.  The  number  of  the  parts  of  each  whorl,  and  the  manner  in 
which  they  harmonize  with  one  another.  When  one  whorl  con- 
sists of  fewer  parts  than  the  preceding,  a malformation  of  some 
organ  may  geuemlly  be  ascertained  by  observing  the  position  of 
the  parts  of  the  whorls  inter  se ; in  this  case  also  the  rudiments 
of  the  missing  organs  must  be  sought  after;  and  they  will  occa- 
sionally be  found  in  their  right  place  in  the  form  of  incon- 
spicuous excrescences.  When,  on  the  other  hand,  it  happens 
(which,  howeA’ev,  is  seldom  the  case)  that  a whorl  has  more 
pai-ts  than  the  preceding  one,  the  first  thing  to  be  inquired  into 
is,  whether  the  preceding  whorl  is  complete,  or  whether  the 
additional  parts  in  question  really  belong  to  the  whorl  in  which 
they  are  found. 

4.  The  growing  together,  or  adhesion,  of  the  originally  dis- 
tinct parts  of  one  or  other  of  the  whorls.  This  can  only  be 
observed  by  comparing  good  transverse  sections  taken  at  dif- 
ferent periods  of  the  developement,  from  which  it  will  be  seen 
that  a real  growing-together  seldom  occurs,  but  that  the  separa- 
tion of  the  parts  of  a whorl  frequently  ceases  at  a cei'tain  point ; 
in  this  way  the  gamopetalous  corolla  and  the  calyx  of  corres- 
ponding form  originate,  as  well  as  the  tube  of  the  Anther  in 
Ruscus,  &c.,  and  the  ovaides  of  many  plants. 

•5.  The  construction  of  the  anthers — as  to  whether,  up  to  a 
certain  period,  they  are  bilocular  or  multi-locular. 

6.  The  parts  forming  the  ovary.  The  superior  ovary  may 
originate  in  the  form  of  a closed  tube,  but  it  may  also  be  formed 
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out  of  one  or  more  oiiginally  sepai'ate  leaves.  The  number  of 
these  parts  seldom  stands  in  any  dehnite  relation  to  the  parts  of 
tiie  })receding  whorl.  In  very  many  cases  it  will  be  a matter 
ot  doubt  whether  the  ovaiy  is  formed  from  the  stem  or  from 
leaves.  The  inferior  ovary  must  always  proceed  fi-om  the  stem, 
inasmuch  as  it  bears  the  whorls  above  it. 

7.  The  origin  of  the  placentje  and  ovules,  and  the  nucleus, 
coatings,  and  embryo-sacs  of  the  latter.  This  investigation  is 
of  great  ini})ortance ; it  shows  whether  the  dissejiinients  of  the 
ovaiy  are  true  or  false.  In  CEiiothera,  Clarkia,  Epilobium,  in 
the  Cucurbitaceie,  in  Pyrola,  Monotropa,  <fcc.,  they  are  false; 'and 
ai‘C  in  fact,  foianed  out  of  the  ]>arietal  placentai.  True  dissej)i- 
ments,  on  the  other  hand,  originate  from  the  foldmg  inwards  and 
growing  together  of  the  edges  of  at  least  two  carpellary  leaves, 
tis  is  the  case  in  Papaveracea?  and  Nymplueaceoe.  False  dissepi- 
ments ai'e  much  the  most  common. 

Transverse  sections  of  the  stigma  and  style  will  seldom  aflbrd 
satisfactory  information. 

In  longitudinal  sections  the  following  points  mu.st  be  attended 
to : — 

1.  The  primary  insertion  of  the  parts  of  one  or  more  of  the 
whorls,  and  Avhether  their  position,  at  a later  period  of  develo})e- 
ment,  has  remained  unaltered;  or  whether  the  parts  of  one  or 
other  of  the  whorls  are  pushed  upwards.  The  formation  of  a 
disc,  the  origin  of  appendicxdar  organs,  the  developement  of 
hairs,  &c.,  must  also  be  attended  to.  The  cupule  of  the  oak  and 
the  beech  is  developed  from  a disk,  which,  during  the  period  of 
its  formation,  produces  leaves  under  its  edge ; these  leaves,  in 
the  oak,  are  of  a scale-like  nature. 

2.  The  developement  of  the  ovaiy.  The  apex  of  the  origi- 
nal flower-bud  may  extend  itself  into  the  hollow  of  the  ovary, 
and  form  a free  axile  placenta,  as  in  the  Primulacea’!,  Lentilni- 
lariacese,  etc. ; or  the  apex  may  extend  itself  in  like  manner,  but 
become  united  with  the  pre-existing  parietal  placenta^  and  thus 
m:ike  the  lower  part  of  the  ovary  multi-locular,  whilst  the  upper 
part  is  uni-locular,  and  furnished  with  as  many  parietal  placenta 
as  there  are  loculi  in  the  lower  }>a.rt.  It  may  happen  also  that 
the  columella  may  become  united  with  the  introverted  edges  of 
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the  true  carpellaiy  leaves,  as  in  Papaver  and  the  IsTymphoeacea^, 
or  lastly,  the  columella  may  uot  be  develo2)ed  at  all,  in  which 
case  the  ovary  will  be  uni-locular  through  its  entire  length, 
as  is  the  case  in  the  Violet  and  the  Cucurbitacete.  These 
different  modes  of  devglopement  of  the  ovary  must  all  be  at- 
tended to,  as  well  as  the  point  whether  the  ovary  grows  at  its 
apex  oi-  at  its  base.  The  mode  of  formation  of  the  style  and 
stigma  must  also  be  observed. 

3.  The  connexion  of  the  canal  of  the  style  with  the  hollow 
of  the  ovary.  This  connexion  can  often  only  be  clearly  under- 
stood l)y  tracing  the  developement  of  the  flowers ; a comparison 
of  good  longitudinal  sections  in  diftei'ent  stages  of  growth  will 
leave  no  doubt  as  to  the  existence  of  the  connexion.  The  deve- 
lopement of  the  ovule  is  treated  of  in  connexion  with  the  origin 
of  the  embryo. 

The  use  of  the  words  “ adhesion, ” or  “growing  together,” 
in  speaking  of  the  union  of  the  parts  of  flowers,  as,  for  instance, 
in  the  case  of  the  petals  of  gamopetalous  flowers,  frequently 
gives  rise  to  erroneous  ideas.  The  jietals  or  sepals,  which  at 
first  appear  as  separate  parts,  do  not  siibsequently  groio  together 
at  the  bottom,  but  in  the  course  of  the  developement  which 
takes  place  at  their  base,  the  separation  subsequently  ceases; 
it  would,  therefore,  be  more  correct  to  speak  of  petals  as  not 
separated  than  as  grown  together.  A true  example  of  growing  to- 
gether does,  however,  take  place  iii  the  stigmas  of  the  Apocynese 
and  Asclepiadese,  in  which  cases  the  two  stigmas  of  each  ovary, 
wliich  are  at  first  completely  separated,  grow  together  and  foim 
one  united  stigma. 

tlie  luctliocl  of  trsiciiig-  flic  ilevcloiiemcnt  of  flic  Enilirj-o. 

In  order  to  be  at  all  successfid  in  carrying  on  this  most  difficidt 
of  all  anatomico-physiological  investigations,  it  is  necessary, 
in  the  first  jdace,  to  be  thoroughly  acquainted  jvfith  the  con- 
struction of  the  ovary,  the  style,  and  the  stigma  of  the  plants  to 
be  examined,  as  well  as  with  the  developement  of  their  o\mles  ; 
it  is  necessary,  at  least  in  some  plants,  to  examine  attentively 
the  canal  of  the  style  of  a flower  which  has  not  shed  its  pollen, 
as  well  as  the  canal  of  the  style  of  a flower  to  which  the  pollen 
has  been  applied  by  the  observer  himself,  in  order  to  become 
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acquuiutod  with  the  course  of  the  })ollen-tube,  aud  tlie  changes 
to  which  it  gives  rise  in  the  canal  of  the  style.  Moreover,  the 
condition  of  the  ovule  and  of  the  einhryo-sac  at  the  i)criod  of 
flowering,  before  any  pollen-tube  has  i-eached  the  ovule,  must, 
in  all  cases,  be  fully  examined,  and  tlie  contents  of  the  embryo- 
sac  must  be  most  carefully  attended  to,  since  it  is  only  by  these 
means  that  it  is  ])ossible  to  form  a correct  judgement  as  to  the 
changes  subsecpiently  produced  by  the  agency  of  the  pollen- 
tube. 

In  order  to  trace  the  course  of  the  pollen-tubes  from  the 
stigma  into  the  hollow  of  the  ovaiy,  the  best  plan  is  for  the 
obsei'ver  himself  to  apply  the  pollen  to  the  flowers.  One  or 
more  of  the  dowers  should  then  be  examined  daily,  by  taking 
thin  longitudinal  sections  from  the  middle  of  the  style  and 
ovary.  By  this  means  we  ascertain  the  time  which  the  pollen 
takes  to  protrude  the  tubes  and  jaess  them  into  the  ovary. 
Besides  making  good  longitiidinal  sections,  it  is  often  advan- 
tageous to  se})arate  the  walls  of  the  canal  of  the  style  from  one 
another  by  the  aid  of  the  simple  microscope;  in  which  case  a 
large  bundle  of  pollen-tubes  may  often  be  seen  intermixed  with 
the  cells  of  the  conducting  cellular  tissue,  aud  this  bundle  of 
tvd)es  may  not  unfrequently  be  traced  into  the  hollow  of  the 
ovary  by  the  help  of  a needle  under  the  simple  miscroscoj)e. 
In  plants  with  long  thin  styles,  which  soon  wither,  the  attempt 
to  follow  the  coiu’se  of  the  pollen-tube  without  inteiTujition 
will  seldom  be  successful,  but  in  plants  with  short  deshy  styles 
it  is  frequently  not  difficidt.  The  Oi’chidete  are  the  most 
favourable  plants  for  this  piu-pose.  If  the  style  of  the  dower 
of  an  Epipactis,  to  which  the  pollen  has  been  applied  about 
eight  days  preAdously,  be  examined  in  the  manner  above  men- 
tioned, the  observer  will  be  surprised  at  the  extraordinary 
number  of  pollen-tubes,  and  he  will  easily  be  able  to  trace  them 
in  large  strings,  even  tis  far  as  the  ovules.  Yiola  tricolor  and 
Ribes  nigrum  and  rubrum,  are  also  good  plants  for  the  pur- 
])ose ; in  the  case  of  the  foianer  })lant,  withered  dowers  may  be 
taken,  and  branched  pollen-tubes  will  not  unfrequently  be  met 
with.  These  branched  pollen-tubes  are  found,  eA'en  more  fre- 
quently, in  Fagus  sjdvatica  aud  Gilnothera  muricata.  No  dednite 
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mode  of  pi-oceeding  can  be  given  for  tracing  the  developement  of 
the  ovule,  which  must  be  regulated  by  the  number  and  airange- 
ment  of  the  ovules  in  the  ovaiy.  Sometimes  the  transverse 
Section,  sometimes  the  longitudinal,  will  be  most  serviceable. 
The  first  appearance  of  the  nucleus  of  the  ovule  out  of  the 
tissixe  of  the  placenta  in  the  form  of  a conical  cellular  little 
excrescence,  the  origin  of  the  coatings  of  the  ovule  in  the  shape 
of  circular  enveloping  folds  around  the  nucleus,  the  slight  con- 
temporaneous bending  of  the  ovule,  and  the  a])pearance  and 
natiu’e  of  the  embiyo-sac  within  the  ovule,  must  all  be  noticed. 
In  Hippuris  and  INIyriophyllum,  the  ovides  are  without  in- 
teguments, and  are  anatropal.  They  are  also  provided  with 
a vascular  bundle  in  the  naked  nucleus.  In  Thesium,  the 
nucleus  is  also  naked,  but  has  no  vascular  bundles.  As  spe- 
cimens of  plants,  the  ovules  of  which  are  pi’ovided  with  inte- 
guments, may  be  mentioned  Jxiglans,  Taxus  (in  which  the 
ovule  is  orthotropal),  Impatiens,  and  the  Rhinanthaceae.  In 
the  latter,  the  ovule  is  anatropal,  and  the  embryo-sac  is  ex- 
tended into  sac-shaped  prolongations,  which  lie  in  the  paren- 
chyma of  the  integument.  In  Hych'ocharis  and  Polygonum, 
Viola,  OEnothera,  and  the  Orchideae,  the  ovules  have  two  inte- 
guments. In  Polygonum,  the  ovule  is  orthotropal,  and  in  the 
Orchideae,  anati-opal. 

The  ovules  of  many  plants  at  the  period  of  flowering  are  so 
large  that  they  may  be  detached,  placed  upon  the  finger,  and 
sections  made  of  them ; the  direction  of  the  cut  must  be  parti- 
cularly attended  to.  One  side  of  the  ovule  must  first  be  removed 
with  an  excessively  sharp  hollow-sided  razor;  the  oxuile  must 
then  be  carefully  turned  round  with  a fine  camel’s-hair  brush, 
and  the  other  side  removed  in  like  manner  by  passing  the  razor 
steadily  and  slowly  through  the  ovule,  so  that  of  the  whole  ovule 
there  will  remain  only  the  middle  lamella.  The  object  must  not  be 
permitted  to  become  dry  during  the  process  of  cutting,  and  conse- 
quently the  finger  must  be  kept  moist.  The  lamella,  thus  prepared, 
must  be  immediately  placed  under  the  microscope  ^vithout  a 
covering-glass.  It  will  freqxiently  happen  that  the  section  may  be 
improved  by  a third  or  a fourth  cut,  made  in  the  same  manner; 
and  although,  in  doing  this,  the  object  is  sometinxes  spoiled, 
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nevertlieless  superfluous  parts  may  often  be  successfully  removed 
ill  this  manner.  The  needle  and  the  simple  microscope  %vill 
also  often  be  of  service.  When  it  is  jiossible,  it  is  very  desirable 
completely  to  detach  the  embryo-sac  of  a flower  which  has  not 
yet  shed  its  pollen  The  embryo-sac  then  appears  in  the  form 
of  a simple  cell;  but  in  most  cases  it  is  so  tender  that  it  is 
desti'oyed  by  the  ojieration,  or  at  least  the  cells  which  take  their 
oi’igin  in  it  are  spoiled.  In  this  case,  it  is  better  to  be  satisfied 
with  the  thinnest  jiossible  longitudinal  sections,  and  to  study  ac- 
curately the  contents  of  the  embryo-sac,  remarking  esjiecially 
the  presence  or  absence  of  cells  therein,  and  their  situation, 
if  any.  A solution  of  iodine  is  here  desirable.  The  observer 
must  not  be  satisfied  with  the  preparation  of  one  specimen,  be 
it  ever  so  successful ; many  sections,  and  these  as  jierfect  as  pos- 
sible, must  be  taken  and  coni])ared  with  one  another.  It  Avill 
then  soon  be  seen  Avhether  or  not  a cellular  formation  is  alwaj’S 
to  be  found  within  the  embryo-sac,  even  before  the  pollen-tube 
has  penetrated  the  ovule,  and  it  will  also  be  seen  what  explana- 
tion is  to  be  given  with  respect  to  these  cells.  In  Lathraia 
Pedicularis  and  Hippuris,  the  mother-cells  of  the  albumen  are 
formed  before  the  period  of  impregnation. 

When  the  ovule  and  the  condition  of  the  embiyo-sac  before 
the  shedding  of  the  pollen  has  been  observed,  the  same  mode  of 
jiroceeding  must  be  adopted  with  the  ovules  of  the  flowers  which 
have  shed  their  pollen.  In  the  Orchidese,  the  ovules  of  which 
are  very  small  and  delicate,  it  is  not  jAossible  to  make  sections 
through  the  OAuiles.  They  therefore  cannot  be  used  for  inves- 
tigating the  origin  of  the  embryo  itself,  that  is,  the  examination 
of  them  can  aftbrd  no  positive  evidence,  either  in  favour  of,  or 
against,  any  one  of  the  three  difierent  opinions  entertained  upon 
the  subject.*  On  the  other  hand,  the  entrance  of  the  })ollen- 

^ ^ - - 

* According  to  the  opinions  of  Schleiden,  Geleznoff,  de  Bary,  and  my- 
self, the  first  cell  of  the  emhiyo  originates  in  the  interior  of  the  pollen- 
tube.  According  to  Amici,  Hofmeister,  Unger,  and  Von  Mohl,  a cell 
exists  in  the  emhryo-sac  before  the  shedding  of  the  pollen,  which  cell  is 
imiiregnated  by  the  jiollen-tnbe;  that  is  to  say,  it  is  rendered  cniwble 
of  becoming  developed  into  the  first  cell  of  the  embryo.  According  to 
Tnlasne,  this  first  cell  of  the  embryo  is  produced  by  the  union  of  the  pollen- 
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tube  into  tlie  micropyle  can  be  easily  observed  in  these  ovules. 
It  is  only  necessaiy  to  remove  the  ovules  of  the  swolleu  ovary 
of  an  orchis  with  a needle,  which,  after  impregnation,  may 
easily  be  detached  from  the  placentae,  and  thei* *e  will  often  be 
discovered  from  one  to  five  pollen-tubes  in  one  micropyle.  It 
will  often  be  necessary  to  drive  out  the  air  by  a gentle  i)i-essure 
with  the  compressorium.  Euphrasia  officinalis  may  well  be 
employed  for  the  same  purpose.  It  is  only  necessary  to  tear 
o^ien  with  a needle  the  ovary  of  a flower  which  has  just  withered, 
and  almost  every  ovide  will  be  found  to  contain  a pollen-tube. 
The  same  thing  may  be  seen  in  V eronica  serpyllifolia,  by  making 
thin  transverse  and  longitudinal  sections  through  the  ovary  of 
a flower  which  has  shed  its  pollen.  In  some  plants,  the  entiy 
of  the  pollen-tube  into  the  ovule  is  for  many  reasons  more  diffi- 
cult to  observe,  partly  because  that  pai't  of  the  tube  which  hangs 
out  of  the  ovule  is  very  qmckly  absorbed,  as  is  the  case  in  Or- 
nithogalum  and  Hippuris,  and  partly  because,  from  the  position 
of  the  o\mle  itself,  they  are  cut  away  in  making  the  section,  as 
is  the  case  in  the  OEnothera.  In  these  cases,  when  the  specimen 
is  well  prepared,  the  pollen-tube  is  found  either  inside  the  micro- 
pyle, or,  as  in  CEnothera,  at  its  passage  through  the  nucleus. 

Wlienever  it  is  possible,  the  embryo-sac  and  the  pollen-tube 
should  be  completely  detached,  for  I am  persuaded  that  this  is 
the  only  way  to  arrive  at  a complete  and  final  solution  of  the 
very  difficult  question  under  consideration.  It  is  not  always 
possible  completely  to  separate  the  apex  of  the  embryo-sac 
together  with  the  pollen-tube  which  has  penetrated  it,  from  the 
surrounding  tissue.  It  may  often  be  effected  in  Canna.  In  this 
plant  I have  often  drawn  out  the  pollen-tube  im injured  from 
the  embryo-sac,  and  found  the  end  of  the  tube  already  swollen ; 
in  Taxus  I have  done  the  same  with  pollen-tubes  which  had 
already  developed  cells  in  the  corpusculum.*  The  Personatfe 


tube  with  the  membrane  of  the  embryo-sac.  The  proofs  adduced  by 
Hofmeister,  in  support  of  his  view,  are  all  of  a negative  character.  In 
my  treatise  “ Die  Pflanzenzelle,”  I have  discussed  the  matter  fully. 

* De  Bary  has  also  pointed  out  the  direct  passage  of  the  pollen-tube  into 
the  embryonic  vesicle  (ie.,  into  the  first  cell  of  the  embryo)  in  Canna  and 
in  Pediculai’is. 
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are  in  every  case  the  most  fiivourable  }>lants  with  whicli  to 
institute  this  most  important  investigation,  esj)eeially  those 

1) lants  in  which  tlie  apex  of  tlje  emhryo-sac  does  not  even  in 
a late  stage  become  filled  with  cells,  and  where  the  nature  of 
the  ovuile  ])ermits  of  an  entire  sejiaration  of  the  apex  of  the 
embryo-sac.  lla\  ing  made  many  trials,  I can  recommend  for 
this  pui'pose  Latlmea  squamaria,  Pedicularis  i)alustris,  and 

2) articularly  Pedicularis  sylvatica.  I have  always  been  very 
successful  with  Lathra'a  and  the  last-named  ])lants.  The  pe- 
culiar construction  of  the  ovrde  itself,  witli  which  the  observer 
must  make  himself  fully  acquainted,  is,  in  the  plants  above 
mentioned,  particularly  favourable  for  the  investigation  now 
under  discussion,  and  the  form  of  the  ovule  will  afford  a guide 
as  to  the  direction  in  which  the  section  must  be  made.  The 
middle  lamella  of  the  ovule,  when  obtained  in  the  manner 
])ointed  out  above,  must  first  be  })laced  under  the  compound 
microsco2>e,  and  examined  on  both  sides  with  a jioAver  of  not 
less  than  200  diameters.  The  lowest  eye-jhece  should  alone  be 
used  in  this  examination. 

When  it  is  thought  that  the  section  may  be  iinjiroved,  the  side 
of  the  section  and  the  2)articular  point  to  be  ojierated  ujwn  must 
be  noted,  and  the  lamella  cut  accordingly.  The  s])ecimen  must 
then  be  again  examined,  and  when  the  section  is  considered 
satisfactory,  it  shoidd  be  brought  under  the  sim})le  microseojie, 
with  a magnifying  jwwer  of  from  15  to  30  diameters,  and  the 
j)arenchyma  smTounding  the  apex  of  the  embryo-stxc  removed 
with  the  needle.  Although  the  obsei'\-er  may  carefully  follow 
the  above  directions,  it  will  seldom,  if  evei-,  be  jxossible,  at  least 
with  Latlu’fea,  to  sejiarate  com})letely  and  without  injury  the 
whole  of  the  embryo-sac  and  its  2)rolongations  from  the  sur- 
rounding tissue.  In  tracing  the  developement  of  the  embryo, 
it  is  sufficient  if  the  apex  of  the  embiyo-sac  is  comjiletely  sejia- 
rated,  so  that  the  observer  may  be  able  fully  to  study  the 
relation  of  this  apex  to  the  jxollen-tube  which  has  j)enetrated  it ; 
and  with  a little  jxerseverauce  and  dexterity  this  sejiai’afion  of 
the  ajxex  may  generally  be  successfully  effected.  In  Pedicularis 
and  Lathra'a  there  will  seldom  be  found  to  be  any  considerable 
j)ortiou  of  the  iiollen-tube  on  the  outside  of  the  embryo-sac ; it 
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very  soon  becomes  softened  and  dissolved  in  tlie  micropyle.  In 
Latbrsea  two  pollen-tubes  will  often  be  met  with  in  the  cell-less 
apex  of  the  embryo-sac;  of  these  one  only  reaches  the  endo- 
sperm in  order  to  become  developed  into  the  embryo.*  These 
pollen-tubes  are  generally  closed  above,  and  cannot  always  be 
recognised  as  the  remains  of  the  portions  of  the  pollen-tubes 
which  are  found  in  the  micropyle.  On  the  other  hand,  by 
acciu'ate  adjustment,  correct  illumination,  and  careful  examina- 
tion of  the  specimen  on  both  sides,  it  may  always  be  seen  that 
the  sac  which  lines  the  cell-less  apex  of  the  embryo-sac,  and 
which,  reaching  to  the  endosperm,  becomes  the  embryo,  can 
never  originate  inside  the  embryo-sac,  but  must  have  penetrated 
into  it  from  without,  because  the  upper  end  of  it,  which  is 
generally  round  and  closed,  always  projects,  often  very  pro- 
minently, above  the  apex  of  the  embryo-sac;  and,  moreover,  at 
the  place  where  the  pollen-tube  has  penetrated,  there  may  be 
observed,  in  most  cases,  a decided  introversion  of  the  membrane 
of  the  embryo-sac,  caused  by  the  penetration  of  the  pollen-tube,  t 
By  preparing  a great  number  of  specimens  in  the  manner  above 
mentioned,  I traced  the  origin  of  the  embryo  in  Lathrsea  and 
Pedicularis  from  the  formation  of  the  first  cell  in  the  interior  of 
the  pollen-tube  to  the  apj^earance  of  the  two  cotyledons.  When 
the  young  embryo  has  developed  a few  cells,  the  endosperm 
should  be  removed ; the  observer  will  then  be  easily  and  cer- 
tainly convinced  that  the  first  cells  of  the  embiyo  originate  in 


* There  are  other  plants  besides  Lathraea  in  which  two,  or  even  more, 
IX)llen-tubes  frequently  penetrate  into  the  micropyle  of  one  ovule,  and  this 
fact  affords  an  explanation  of  the  manner  in  which  Amici  and  Hofmeister 
have  here  and  there  been  led  into  error ; for  when  the  apex  of  one  pollen- 
tube  lies  sideways  on  the  embryo-sac,  the  rudiments  of  the  embryo  being 
ah'eady  present  in  the  interior  of  the  embryo-sac,  it  is  necessary  to  search 
for  a second  pollen-tube,  which  will  be  found  if  the  investigation  be  properly 
conducted. 

t The  nature  of  the  detached  apex  of  the  embryo-sac  deseiwes  a more 
accurate  examination  than  it  has  hitherto  received.  Tulasne  has  very 
accurately  described  the  introversion  of  the  apex  of  the  embryo-sac  by 
the  pollen-tube  in  many  of  the  Personatrc.  His  opinion,  therefore,  does  not 
coincide  with  the  theory  of  Amici  and  Hofmeister.  De  Bary  has  fullv 
confirmed  my  observations  on  Pedicularis  sylvatica. 
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tlie  interior  of  the  sac  above  inentioued ; and  if  he  has  jn-e- 
viously  satisfied  himself  of  the  identity  of  this  sac  with  the 
l)ollen-tnbe,  no  further  question  can  be  raised  as  to  the  origin  of 
the  embryo,  that  is  to  say,  as  to  the  origin  of  its  first  cells  in  the 
interior  of  the  pollen-tube.* 

The  importance  of  the  question,  and  the  great  difficidty  of 
its  solution,  have  induced  me  to  enter  into  tlie  above  details ; 
it  was  particularly  necessary  to  lay  down  a coni2)lete  and  definite 
mode  of  }>roceeding,  since  the  methods  hitherto  attempted  by 
other  observers  are,  in  my  opinion,  insufficient.  I place  no 
weight,  for  example,  upon  the  examination  of  the  Orchideaj ; 
the  cells  of  the  integuments  in  these  plants  are  too  apt  to  mis- 
lead. The  case  is  not  much  better  with  any  other  plants  which 
do  not  admit  of  the  separation  of  the  apex  of  the  embryo-sac; 
such  plants  I slioidd  never  recommend  to  be  employed  for  this 
investigation,  because  I consider  the  complete  removal  of  the 
a])ex  of  the  embryo-sac  to  be  the  first  and  most  indispensable 
requisite  for  a solution  of  the  above  question.  I think  that 
this  is  the  only  way  in  which  it  is  possible  to  obtain  correct 
ideas  of  the  true  relation  of  the  pollen-tube  to  the  embryo-sac. 

Figs.  60,  Cl,  and  62  are  explanatory  of  the  matter  just  treated 

of.  Fig.  60  represents  a very  per- 
fect longitudinal  section  through 
the  ovule  of  Lathnea  squamaria  at 
the  time  of  flowering.  The  nu- 
cleus of  the  ovule  has  been  long 
since  absorbed  by  the  embryo-sac; 
the  embryo-sac  has  peculiar  pro- 
longations (a)  and  (5)  at  either 
end,  which  sink  dee})  into  the  single 
integument,  nay,  afterwards  even 
break  through  it,  and  project  into 


* It  may  be  well  to  c<aution  the  reader  that  Dr.  Schacht's  views  as  to 
tlie  origin  of  the  embryo  are  by  no  means  geuei-ally  received.  Unger’s  views 
upon  the  subject  are  given  in  the  Appendix  to  this  translation,  and  the 
reader  may  also  refer  to  Hofmeister's  work,  “ Die  Entstehung  des  Embryo 
der  Phanerogamen,”  and  to  Mohl  on  the  “ Vegetable  Cell,”  translated  bj" 
llenfrey. — Tii. 
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tlie  hollow  of  the  ovaiy.  The  middle  part  of  the  embryo-sac 
becomes  filled  ■with  eudosperm  at  an  early  period ; the  other 
})arts  of  it  never  contain  cells.  The  pollen-tube  passes  through 
the  cell-less  apex,  which  is  connected  with  the  front  prolonga- 
tion (a),  and  when  it  reaches  the  endosperm,  swells  and  forms 
the  embryo;  in  this  fiower  many  polleix-tubes  are  often  found 
in  the  micropyle ; (c)  is  the  hilum  of  the  o-vule. 

Fig.  G1  represents  the  apex  of  the  embiyo-sac  of  Lathi’sea 
squamaria  prepared  in  a perfect  and  uninjured  state,  dra\vn  from 
a perfectly  fresh  specimen  : (a)  is  a pm-t  of  the  front  pro- 

longation (nee  fig.  60).  Two  pollen-tubes  have  penetrated  the 
embryo-sac,  one  has  already  swollen  into  a rudimentaxy  embiyo 
within  the  endosperm,  the  other  has  peneti’ated  but  not  deve- 
loped itself.  Both  pollen-tubes  are  seen  ^xrotruding  far  out  of 
the  cell-less  apex  of  the  embiyo- 
sac.  The  outline  of  this  apex  on 
the  ujiper  side  is  seen  cUstinctly. 

On  the  under  side  it  appeal’s  as 
a less  defined  line,  which  stands 
out  clearly  when  the  adjustment 
of  the  mici’oscope  is  altered. 

Both  pollen-tubes  are  somewhat 
swollen  in  the  pai’ts  which  project 
fx’om  the  embi-yo-sac;  they  pass 
otf  by  degi’ees  into  a thin  ragged 
end.  The  part  of  the  pollen- 
tube  which  lies  in  the  mici’opyle 
is  generally  so  much  softened 
that  it  is  not  possible  to  detach, 
a lai’ge  piece  of  it;  the  pollen- 
tube  which  has  peneti’ated  the 
embryo-sac  is  frequently  broken 
off  at  the  end  which  projects 
from  the  embryo-sac.  Two  pol- 
len tubes  ai’e  often  foimd  in  the 
embryo-sac  of  Lathrsea,  but  one  only  developes  an  embiyo. 
Fig.  62  represents  a preparation  quite  as  perfect  as  that  shown 
ill  fig.  61,  also  drawn  from  a perfectly  fresh  specimen  : (a)  is 
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the  front  prolongation  of  the  embryo-sac,  into  which  only  one 
pollen-tube  has  entered,  which  projects  for  some  distance  out 
of  the  embryo-sac,  and  is  bi’oken  off.  The  outline  of  both  sides 
of  the  embryo-sac  is  seen.  From  the  appearance  of  the  outline 
of  the  under  side,  it  would  ap2:>ear  that  the  membrane  of  the 
embryo-sac  was  jiushed  inwards  by  the  enti’ance  of  the  pollen- 
tube.  The  pollen-tube,  after  having  reached  the  endosperm 
(which  is  not  represented  in  this  fig.),  has  formed  many  cells, 
which  are  the  foundation  of  the  embryo.  The  cytoblast  has 
already  become  di\dded  in  the  two  lower  cells.  Over  these 
yoiing  cells  the  pollen-tube  itself  forms  a small  recess.  Spe- 
cimens such  as  those  represented  in  figs.  61  and  62  may  be  kept 
in  chloride  of  calcium  for  a length  of  time  without  becoming 
Fig.  62.  detei-iorated  in  any  way,  so  far  as  relates  to 

tlie  })ollen-tube  and  the  embryo-.sac. 

Observations  on  the  embryo  will  be  more 
certain  and  valuable  in  proportion  as  the 
sepaiute  stejjs  of  the  developement  of  the 
embryo  are  more  fully  and  comj)letely  fol- 
lowed out.  I recommend  the  observer  not 
to  hurry  himself,  since  one  perfect  observa- 
tion is  far  more  valuable  than  ten  imper- 
fect ones.  In  dicotyledonous  plants,  the 
first  appearance  of  the  two  cotyledons  will 
be  seen  in  the  form  of  small  excrescences 
upon  the  originally  round  i-utlimeuts  of  the 
embryo.  The  formation  of  these  coty- 
ledons, and  of  the  plumule  between  them, 
must  then  be  observed,  as  well  tis  the  origin 
of  the  cambium-ring  in  the  axis  of  the 
embryo,  and  the  formation  of  the  root-caji 
around  the  end  of  the  radicle;  particular 
attention  must  iilso  be  paid  to  tlie  condition  of  the  embryo  in 
tlie  ripe  seed,  to  its  position  and  form,  to  the  presence  or  absence 
of  albumen  (which  in  Nyundia^a  is  double),  to  the  changes  which 
take  place  in  the  integument  by  the  absorption  or  thickening 
of  the  cells,  &c.  The  contents  of  the  cells  of  the  albumen  must 
be  tested  with  reagents.  The  testa  of  the  seed  exhibits  difterent 
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inodes  of  cell-thickening  in  different  plants;  spiral  thickenings 
are  found  in  the  testje  of  the  genus  Orchis,  which  consist  of  one 
row  of  cells,  and  also  in  those  of  PecUcularis.  V ery  complicated 
forms  of  this  sort  of  thickening  are  met  with  in  some  Conifera3, 
and  the  testte  of  Sarisburia,  Taxus,  &c.,  exhibit  woody  cells. 

The  embryo  of  monocotyledons  jiresents  far  more  variety  in 
its  form  and  in  the  arrangement  of  its  parts  than  the  embryo  of 
dicotyledons.  In  investigating  the  germination  both  of  mono- 
cotyledons and  dicotyledons,  the  first  thing  which  is  necessary  is 
an  accurate  investigation  of  the  embryo  before  germination,  so 
as  to  ascertain  whether  the  vascular  bundles  are  then  already 
present,  and  what  course  they  take,  and  whether  the  rudiments 
of  leaves  are  to  be  found  in  the  plumule  or  not.  The  progress 
of  the  germ  must  then  be  watched  at  short  intervals,  and  atten- 
tion must  be  given  to  the  growth  of  the  axis,  that  is,  the  stem 
and  root,  as  well  as  to  the  growth  of  the  leaves,  and  to  the  dis- 
tiibution  of  the  vascular  bundles.  Thin  transverse  and  longi- 
tudinal sections  are  here  necessary. 

On  tlie  luvtliutl  of  ti'aciiig-  tlie  tluvcloiieuiciit  of  tlie  Coll. — 
In  tracing  the  developement  of  the  cell,  far-  less  skill  in  prepara- 
tion is  generally  requisite  than  in  tracing  the  developement  of 
the  parts  of  plants,  but  nevertheless  the  inquiry  is  a most 
difficult  one.  The  reagents  are  in  general  of  little  service  here. 
Iodine  and  sulphuric  acid  have  too  strong  an  effect  upt)ii 
very  young  cells.  The  cell-contents  generally  coagulate  imme- 
diately. A solution  of  iodine,  or  of  choride  of  zinc  and  iodine, 
a diluted  solution  of  potash,  or  diluted  acids,  are  preferable. 
Syi-up  and  glycerine  may  also  be  used.  A large  numbei'  of 
observations  is  of  the  greatest  importance. 

The  developement  of  free  cells  may  be  studied  in  the  spores 
and  geminte  of  Cryptogams,  and  in  the  pollen  of  Phanerogams. 
In  order  to  examine  tlie  developement  of  spores  and  pollen,  it 
is  necessary  to  make  thin  transverse  and  longitudinal  sections 
through  the  situs  of  the  spores,  and  through  the  anthers,  in  the 
earliest  stage  of  their  developement.  In  the  mosses  and  liver- 
worts, the  sections  must  be  made  at  such  a period  as  to  exhibit 
only  one  row  of  the  i)rimary  mother-cells  in  the  cii'cimiference 
of  the  columella.  In  ferns  the  examination  must  begin  at 


irA 


THE  MICROSCOPE. 


tlie  time  of  tlie  appearance  of  the  Sporangium  in  the  form  of  a 
simple  cell : in  the  Phanerogamia  young  anthers  must  be  taken 
at  the  period  of  the  ajipearance  of  a single  row  of  mother-cells 
in  each  chamber  of  the  anther.  Wlien  the  size  of  the  rudimen- 
taiy  s})ores  or  of  the  young  pollen-cells  has  been  ascertained, 
their  diameter  measured,  and  their  mass  observed,  the  subse- 
quent examination  mmst  be  carried  on  stej)  by  step.  The  spike 
is  a very  favoui-able  style  of  inflorescence  for  examining  the 
2X)llen.  The  investigation  must  here  be  commenced  with  tlie 
buds  of  the  summit  of  the  apex,  and  must  be  carried  down- 
wai-ds  by  degrees  without  passing  over  any  part.  In  very 
young  stages  of  a plant  transverse  sections  are  best  made 
through  the  whole  bud;  the  anthei'S  whicli  have  been  thus 
cut  through  must  then  be  detached  by  the  aid  of  the  simple 
mici’oscoiie,  the  disposition  of  the  mother-cells  in  the  chamber 
of  the  anther  must  be  carefully  observed,  and  these  latter  cells 
must  then  be  isolated  by  removing  the  surrounding  parenchyma 
with  the  needle.  In  examining  the  mother-cells,  both  of  pollen 
and  spores,  the  attention  must  be  directed  to  their  size  and  to 
the  nature  of  their  walls ; it  must  be  ascertained  whether  these 
walls  are  double  or  single,  and  the  manner  in  which  they  are 
acted  upon  by  iodine,  and  by  the  iodized  solution  of  chloride  of 
zinc,  must  be  observed.  Particular  attention  must  also  be  j^aid 
to  their  contents.  Inquiry  must  also  be  made  as  to  the  exist- 
ence of  a cytoblast,  and  whether  the  same  is  central  or  attached 
to  the  walls,  whether  it  exhibits  a tendency  to  divide,  or  whether 
division  has  already  begun  to  take  i)lace ; moreover,  the  number 
of  its  nucleoli  and  tlie  distribution  of  the  mucilage,  which  is 
usually  of  a granular  nature,  over  the  cell-wall,  and  the  rela- 
tion of  this  mucilage  to  the  cytoblast,  must  also  be  obseiwed. 
Lastly,  it  must  be  seen  whether  these  primary  mother-cells  be- 
come themselves  the  mother-cells  of  others,  or  whether  the 
sjiores  and  the  pollen-grains  are  developed  within  them.  In 
Anthoceros  the  latter  is  the  case ; in  the  anther  of  Meriolix  the 
mother-cell  forms,  in  the  flrst  instance,  new  generations  of  other 
mother-cells,  before  the  four  pollen-grains  ai'e  develojied,  which 
developcment  takes  place  in  the  last  generation;  the  number  of 
these  generations  of  mother-cells  can  hardly  be  determined  with 
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accuracy,  since  there  is  a deficiency  of  reliable  observations 
relative  to  the  successive  steps  of  the  developement.  In  some 
cases  difficulties  arise  from  the  nature  of  the  contents  of  the 
mother-cells  and  of  the  cells  produced  by  them.  These  contents 
are  often  gi-amdar.  Inasmuch,  however,  as  the  observations 
which  we  are  now  consideiing  are  carried  on,  not  with  one  but 
with  a great  number  of  cells,  those  specimens  can  be  selected 
which  appear  to  be  most  favourable  for  the  investigation.  The 
use  of  a diluted  solution  of  potash  is  sometimes  advantageous. 
The  examination  must  be  carried  on  until  the  formation  of  the 
spore  or  pollen  is  pei-fect.  By  means  of  chemical  reagents  (such 
as  iodine,  solution  of  chloride  of  zinc,  sulphuric  acid,  iodine  and 
sulphuric  acid,  and  caustic  potash)  the  chemical  nature  of  the 
cell-wall  and  of  the  cell-contents  is  ascertained,  as  well  as  the 
chemical  changes  midergone  by  the  cell  during  its  different 
stages  of  developement.  Alcohol,  syrup,  glycerine,  and  di- 
luted acids  often  produce  a contraction  of  the  primordial 
utricle,  and  the  use  of  these  reagents  must  therefore  not  be 
neglected.  A maceration  of  the  whole  anther  or  young  sj)oi-e, 
according  to  Schultz’s  method,  and  a subsequent  treatment  of 
them  with  the  iodized  solution  of  chloride  of  zinc,  might,  per- 
haps, be  beneficial.  The  observations  previously  made  with 
respect  to  the  perfect  flower  are  applicable  to  the  ti-eatment  of 
the  perfect  spore  and  pollen.  The  developement  of  Gemmae 
must  always  be  traced  from  the  primary  cell,  whether  they  be 
formed  in  peculiar  organs,  or  at  certain  definite  or  indefinite 
positions  on  the  plant.  The  developement  of  the  Gemmae  of 
Blasia  affords  much  interesting  matter  for  observation ; in  this 
case  thin  longitudinal  sections  must  be  made  through  the  rudi- 
mentary Gemmae.  Similar  Gemmae  are  developed  in  Winter  and 
in  Spring  on  the  underside  of  the  youngest  leaves  of  Junger- 
mannia  anomala;  in  this  case  thin  longitudinal  sectioiis  must 
be  made  through  the  middle  of  the  stem.  It  would  also  be  of 
much  importance  if  the  Gemmae  of  cryptogamous  plants  were 
examined  with  reference  to  their  subsequent  developement  into 
perfect  plants,  and  if  this  developement  were  considered  in  con- 
nexion with  the  hi.story  of  the  germination  from  tlie  spore  of 
plants  of  the  same  species.  Although  the  cells  of  the  apex  of 
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the  .stem  ai'e  young  and  in  a state  of  active  growth,  they  cannot 
he  recommended  for  observing  cell-formation  in  close  tissues, 
because  these  cells  are  very  small,  and  their  gmnular  contents 
render  observation  difficult.  The  leaf  of  Sphagnum  and  the 
leaves  of  liverworts  are  better  fitted  for  this  investigation, 
which,  however,  can  be  best  carried  on  upon  the  cell-formation 
in  the  embryo-sac.  The  fir.st  cells  in  the  embiyo-sac  originate 
around  free  nuclei;  these  first  cells  afterwards  become  mother- 
cells,  which  form  secondary  cells  (Tochter-zellen)  by  di\dsion  of 
their  cell-contents.  In  the  embryo-sac,  therefore,  fine  cell- 
formation  and  cell-formation  by  division  may  both  be  observed. 
Cynoglossum,  Pedicularis  sylvatica,  Khiiianthus  major,  (fee.,  are 
favourable  plants  for  this  purpose. 

I believe  that  there  is  only  one  kind  of  cell-formation,  that 
i.s,  a formation  of  young  cells  in  the  interior  of  mother-cells.  I 
believe  that  no  cell-formation  ever  takes  place  without  the  pin- 
sence  of  a cytoblast;  the  cytoblast  originates  in  the  division  of 
an  older  cytoblast,  which  latter  generally  falls  into  two  pieces. 
In  Anthoceros  the  new  cytoblast  becomes  di\'ided  in  the  same 
manner.  The  influence  of  the  cytoblast  upon  the  origin  of  the 
young  cell  is  veiy  clearly  seen  in  Anthoceros.  A mass  of  muci- 
laginous threads  pass  off  from  the  j)eriphery  of  the  mother- 
cell to  the  cytoblasts;  the  mucilaginous  investment  of  the 
mother-cell  is  finally  divided  into  four  parts,  into  four  closed 
mucilaginoiis  cells,  each  of  which  has  its  c}doblast ; the  layer  of 
cellulose  which  is  devoid  of  nitrogen  is  afterwards  develo]>ed 
over  the  primary  nitrogenous  membrane.  In  the  embryo-sac  of 
phanerogamous  plants  also,  the  cytoblast  appears  first ; this  is 
surroimded  by  a more  or  less  extensive  zone  of  mucilage,  out  of 
which  the  primary  nitrogenous  covering,  i.  e.,  the  jiriniordial 
utricle,  appears  to  be  foianed,  and  over  the  primordial  utricle 
the  covering  of  cellulose,  i.  e.,  the  proper  cell-membrane  is 
formed  at  a subsequent  period. 

In  the  embryo-sac  the  cell-formation  always  commences  in 
the  periphery  of  its  membrane ; it  woidd  appear,  therefore,  that 
the  nitrogenous  covering  of  the  latter,  that  is,  the  primordial 
utricle,  is  active  in  cell-formation.  I must,  therefore,  in  com- 
mon with  most  vegetable  physiologists,  admit  two  motlifications 
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of  cell-formation ; the  one  where  the  prijnordial  ntricle  of  the 
mothei’-cell  divides  into  as  many  parts  as  there  are  young  cells 
originating  from  the  mother-cell ; the  other  where  no  direct 
division  of  the  primordial  utricle  takes  place : in  both  cases  the 
membrane  of  the  cell,  which  consists  of  cellulose,  is  formed  sub- 
sequently to  the  primordial  utricle.  The  zoospores  of  Chlamido- 
coccus,  tJlothrix  and  Vaucheria,  and  perhaps  of  all  Algas,  have 
at  first  no  covering  of  cellulose.  From  the  circumstance  of  the 
px’imary  primordial  utricle  becoming  divided  into  a definite 
number  of  secondary  primordial  utricles,  the  cellulose  covermg 
of  the  mother-cell  appears  in  most  cases  to  be  expended  in  the 
formation  of  new  coverings  of  cellulose  for  the  young  cells.  The 
cellulose  of  the  mother-cell  often  becomes  softened  to  a gela- 
tinous consistency  contemporaneously  with  the  division  of  the 
primordial  utricle;  in  this  case  it  forms  septa  clearly  consisting 
of  cellulose ; at  a subsequent  period  this  cellulose  entirely  dis- 
appears : moreover,  in  every  case,  new  cellulose  for  the  thicken- 
ing of  the  cell-wall  is  formed  from  the  primordial  xitricle  of  the 
young  cell.  At  what  period  this  formation  of  cellulose  takes 
place  is  a question.  The  first  covering  of  cellulose  which  is 
formed  round  the  primordial  utricle  of  the  young  cell  is  some- 
times dissolved  at  a later  period,  together  with  the  membrane  of 
the  mother-cell.  This  happens  in  many  kinds  of  pollen-gi'ains. 
This  first  layer  of  cellulose  is  called  by  Niigeli  the  special 
motber-cell,  and  may  be  seen  in  the  pollen  of  Altboca.  In 
TJlothrix  and  some  other  Algaj,  the  wall  of  the  mother-cell  is 
not  absorbed. 
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CHAPTER  VIII. 

EXAMPLES  OF  THE  DEVELOPEMENT  OF  FLOWERS. 


In  the  figures  which  occur  in  this  chapter,  as  well  as  in  the  rest 
of  the  work,  the  following  ahbi’eviations  ai*e  used : — 


THE 

FLOWER. 

THE  OVULE. 

until. 

Auther. 

cli. 

Clialaza. 

bract. 

Bract. 

em. 

Embryo. 

filam. 

Filament. 

edp. 

Endospemi. 

gemm. 

Ovule. 

i.  e. 

Integumentum  externum. 

germ. 

Ovary. 

i.  i. 

Integumentum  internum. 

TO. 

Pollen-mass. 

i.  s. 

Integumentum  simplex. 

pet. 

Petal. 

nc. 

Nucleus. 

sep. 

Sepal. 

se. 

Embryo-sac. 

spermoph. 

Spermophore. 

tp. 

PoUen-tube. 

stigm. 

Stigma. 

styl. 

Style. 

As  a specimen  of  a regular  flower,  that  is  to  say,  a flower  in 
which  each  whorl  consists  of  the  same  number  of  parts,  I have 
chosen  Asclepias,  because  the  filaments,  the  anthei's,  and  the 
ovary,  exhibit  peculiarities  of  construction  arising  in  the  course 
of  developcment. 

As  specimens  of  irregular  flowers,  I have  chosen  Stachys  and 
Salvia,  because  in  them  the  stamens  are  deficient  in  number; 
and  Cleome,  because  in  this  flower  the  whorl  of  stamens  con- 
sists of  more  parts  than  the  two  preceding  whorls. 
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Asciepia!^  Syriaca — Fig.  G3  represents  the  developed  flower  of 
Asclepias  Syriaca,  seen  from  above. 


Fig.  63.* 


Fig.  64. 


b 


Fig.  64  represents  the  same  flower  bisected  longitudinally,  a, 

h,  c,  represent  the  same  parts  in  each  of  the  figures ; a and  b, 
are  the  appendages  of  the  filament,  which  will  be  mentioned 
hereafter. 

Fig.  65  represents  the  same 
flower  seen  from  the  side. 

The  fix'st  rudiments  of  the 
flower  appear  in  the  form  of  a 
small  round  cellular  excrescence 
in  the  axil  of  the  yoimg  bract; 
shortly  afterwards,  five  small 
protuberances  appear  in  a circle 
upon  this  excrescence  ; these 
are  the  five  leaves  of  the  calyx, 

i.  e.,  the  sepals,  and  are  seen  in  fig.  66,  which  represents  a trans- 
verse section  of  the  rudimentary  flower  in  a very  young 
state. 


Fig.  65. 


* In  this  Figure,  “ x 6”  implies  that  the  flower  is  magnified  six  diameters; 
and  so  of  the  other  figures  where  the  sign  occurs. 
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A longitudinal  section  made  at  this  period  is  represented  in 
fig.  G8,  and  exhibits  the  apex  of  the  Jixis  in  the  form  of  a slightly- 
arched  surface  surrounded  by  the  sepals.  After  a short  time, 

the  five  petals  appear  in  the 


Fig.  67. 


Fig.  68. 


Fig.  69. 


\/>ct 


foi’in  of  five  protuberances 
alternating  with  the  seiDals, 
which,  in  the  mean  time,  have 
become  lai’ger ; soon  after- 
wai'ds,  a third  whorl  makes  its 
appearance,  consisting  of  five 
little  excrescences  alternating 
with  the  petals;  these  are  the 
anthers,  and  are  to  be  seen  in 
fig.  G9.  Up  to  this  point  the 
apex  of  the  axis  has  retained 
the  form  of  an  arched  surfixce; 
now,  however,  two  small  pro- 
tuberances proceed  from  it, 
which  are  the  finst  rudiments 
of  the  ovary.  These  two  small 
protuberances  are  seen  in  fig. 
69  within  the  anthers. 

All  the  parts  of  the  flower  are  now  established,  and  continue 
to  be  developed  together.  There  is  nothing  fiu-ther  requiring 

particuhu'  notice  in  the  calyx 
and  petals;  the  five  stamens 
and  the  two  pistils  now  alone 
arrest  our  attention.  The 
anthers,  which,  in  their  origin, 
were  in  the  shape  of  round 
excrescences,  appear  soon  after- 
WiU’ds,  upon  making  a trans- 
verse section  of  them,  to  be 
elongated,  and  to  be  of  the  form 
shown  in  fig.  70,  which  repi’e- 
sents  a transverse  section  of  a more  adA'anced  flower,  three  of 
the  sepals  being  omitted.  The  longitudinal  section,  fig.  71, 
shows  that  they  are  inserted  somewhat  higher  up  than  the 
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petals.  If  a transverse  section  be  made  shortly  afterwards, 
the  vascular  bundle  of  the  connective  may  be  seen.  Fig.  72 
represents  such  a transveme  section,  the  sepals  being  omitted. 


Fig.  71. 


Fig.  72. 


K 40 


and  only  one  petal  drawn ; (a)  represents  the  vascular  bundle, 
and  (b)  (6)  the  rudiments  of  the  two  loculi  of  the  anthers. 
Figs.  73  and  7 1 represent  longitudinal  sections,  which  also  show 


at  (b)  in  each  figure,  the  origin  of  the  loculi  of  the  anthers; 
the  apex  of  the  anthers  (z)  is  spread  out,  as  appears  in  both 
figures,  flatly  over  the  stigmas ; the  filament  of  the  anther  is  as 
yet  simple  without  any  appendages.  The  sej^als  and  petals  are 
omitted  in  figs.  7 3 and  7 4. 

Let  us  now  tm-n  to  the  pistils,  which  we  left  at  fig.  69,  in 
the  form  of  two  small  wart-like  excrescences  simrounded  by  the 
anthers.  In  fig.  7 0 we  have  seen  them  as  two  half-moon-shaped 
organs  with  their  edges  turned  towards  each  other.  Fig.  71 
exhibits  a longitudinal  section  of  them  answering  to  the  trans- 
verse section  in  fig.  70.  As  the  developement  proceeds,  the 
curvature  of  each  rudiment  of  the  ovary  increases,  the  two 
edges  approximate  more  and  more  at  their  base,  and  at  last 
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tuni  completely  inwards ; the  uj)})er  ]^arts  of  the  i)istil  on  the 
other  hand  do  not  become  curved  in  one  mass  with  the  ovai’ies; 
in  fact,  the  stigma  does  not  become  ciu-ved  at  all ; the  style, 
therefore,  does  not  tei’uiinate  as  in  other  plants  at  the  apex,  but 
underneath  the  stigma. 

The  longitudinal  sections,  figs.  73  and  74,  exhibit  at  (a)  the 
place  where  the  style  ends;  at  a later  2>eriod  there  is  formed 

there  a conducting  tissue  con- 
sisting of  long  papillae.  Fig.  75 
rc2:»resents  a longitudinal  sec- 
tion through  the  upper  part 
of  the  pistil  of  a flower  almost 
developed ; («)  is  the  place 
under  the  stigma  where  the 
pollen  - tubes  enter  the  canal 
of  the  style;  (y)  is  the  se- 
creting portion  of  the  stigma, 
and  will  be  referred  to  hert*- 
after.  The  figure  only  shows 
half  the  })istil.  In  figs.  7 3 and 
74  the  stigmas  of  the  two  pistils  are  not  yet  grown  together; 
a little  later  they  become  imited,  as  shown  in  fig.  7 6,  which 
represents  a longitiidinal  section  with  the  calyx  and  petals  re- 
moved, and  showing  only  one  anther.  Transverse  sections 

through  the  ovaries  made  at 
this  pei-iod  at  different  heights, 
jis,  for  instance,  at  the  points 
a'  y c'  and  d'  in  fig.  7 G,  exliibit 
the  circumstances  which  have 
been  heretofore  stated  with 
respect  to  the  developement 
of  the  rudiments  of  each  indi- 
vidual ovary.  Fig.  77  {afh'c'd') 
represents  four  transverse  sec- 
tions through  the  two  ovaries  of  a young  flower,  at  different 
heights,  such  heights  being  shown  in  fig.  7 6 by  the  same  letters 
of  reference;  d'  is  the  lowest  part  of  the  two  young  pistils, 
-f-  + is  one  of  the  vascular  bundles  at  the  bottom  of  the 
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flower;  x , ou  the  other  hand,  which  recurs  at  d h'  and  a',  is 


Fig.  77. 


X40 


the  vascular  bundle  of  the  pistil 
itself.  At  01,  in  fig.  18,  the  two 
edges  of  each  pistil  tiu’n  com- 
pletely inwards ; at  a later  period 
they  form  the  placentje,  shown 
in  fig.  78,  which  represents  a 
transverse  section  of  the  lower 
pai’t  of  an  ovary  at  the  time  of 
flowering;  at  d,  in  fig.  77,  the 
cuiwature  is  still  present,  and 
through  it  the  canal  of  the  style 
ix)  takes  its  origin;  at  h'  in 
fig.  77,  the  end  of  this  canal  is 
seen  underneath  the  stigmas,  and 
at  a'  the  last  trace  of  the  canal 
of  the  style  (x)  is  seen  within 
the  two  stigmas  which  have  now 
gi-owm  together.  About  the  time 
when  the  two  stigmas  grow  to- 
gether a slight  excrescence  arises 
underneath  the  anthers,  which 
are  now  to  a certain  extent 
developed ; in  the  axil  of  this  excrescence  a small  protuberance 
arises  {see  fig.'7G,  h,  a).  At  this  spot  a peculiar  bending  in  the 
vascular  bundles  of  the  anthers 
takes  place,  which  bending  in- 
creases perceptibly  with  the  fur- 
ther developement  of  the  ap- 
pendage above  mentioned. 

(a)  and  (6)  fig.  7 6,  subsequently 
become  developed  into  (a)  and 
(6)  figs.  63  and  64. 

W e have  now  reached  the  full 
developement  of  the  flower;  the 
calyx  and  petals  are  not  grown 
together,  but  bend  downwards 
at  the  time  of  flowering  (fig.s.  64  and  65) ; the  filaments  of  the 
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anthers,  on  the  other  hand,  are  joined  one  with  another  at 
their  lower  extremities  to  a fleshy  ring;  besides  the  two  apjien- 
dages  above-mentioned  {a  and  h,  fig.  04),  there  appears  on  each 
side  of  the  anthers  a furthe)'  wing-shaped  exjjansion  of  the  fila- 
ment ; in  fact,  two  wings,  belonging  to  different  filaments,  are 
placed  close  to  one  another,  figs.  03  and  04  (c),  whilst  a thin,  skin- 
like expansion  (z),  (figs.  03,  04,  73,  74,  70)  proceeding  from 
the  apex  of  the  anthers,  covei’S  the  stigma.  The  anther  is  from 
the  first  bilocular  (fig.  72,  and  fig.  79).  Fig.  79  represents 
a ti'ansverse  section  of  the  upper  part  of  a j^erfect  anther. 


tain  a pollen  mass  covered  with  a leathery  skin.  I was  unable 
to  follow  the  developement  of  the  cells  of  these  pollen-masses 

with  sufficient  accuracy,  on  ac- 


and  a line  between  them,  show  the  origin  of  two  new  cells  in 
tlie  mother-cell.  In  fig.  80  {h')  is  shown  part  of  a thin  trans- 
verse section  througli  the  perfect  pollen-nurss,  {a)  being  the 
leathery  skin  surrounding  the  jiollen-cells  (?>).  I consider  the 


Fig.  79. 


Owing  to  the  peculiar  foian  of 
the  stamens,  very  different  ap- 
peai-ances  are  presented,  accord- 
ing to  the  height  at  which  such 
a section  is  made,  (n)  is  the 
vascular  bundle  of  the  connec- 
tive {h),  {h)  the  two  chambers  of 
the  anther;  no  separate  pollen- 
gi’ains  are  develo})ed  in  the  two 
loculi,  as  is  the  case  with  most 
other  plants,  but  they  each  con- 


Fig.  80. 


count  of  the  granular  nature  of 
their  contents  ; the  mother-cells 
at  a later  period  lie  in  rows 
(fig.  73(6),  and  fig.  74  (6)).  In 
fig.  80  at  («')  the  ju'imary 
mother-cell  is  represented,  as  it 
ajipears  in  a transverse  section 
through  a very  young  anther 
siu’rounded  by  the  small  ad- 
joining cells ; two  cytobbvsts. 
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leathery  skiu  to  be  a secretion it  becomes  of  a rich  clai'et 
colour  upon  the  application  of  concentrated  sulplnu'ic  acidj  the 
substance  which  is  dilfused  here  and  there  through  the  pollen- 
cells  becomes  coloured  in  like  manner. 

The  stigma  is  pentagonal : at  five  particular  points  of  it  the 
epidermis  is  developed  into  the  form  ot  papillae  (fig.  /5  y). 
These  places  which,  in  a transverse  section,  assume  the  form  of 
channels,  secrete  a fluid  which  gradually  hardens,  assumes  a 
definite  form,  and  becomes  con- 
verted into  the  so-called  gland, 
which  unites  the  two  pollen- 
masses. 

In  fig.  81  is  represented  a 
small  pai-t  of  a thin  transverse 
section  through  the  stigma  of  a flower  almost  developed ; y is 
the  secreting  epithelium,  consisting  of  long,  thin  papillae ; x is 
the  hardened  secretion,  or  so-called  gland  (also  in  ti’ansverse 
section),  and  which  is  united  to  the  papillae.  Fig.  82  repre- 
sents two  pollen-masses  belong- 
ing to  different  anthers  united 
by  the  so-called  gland  (x)  and 
by  the  caudiculi. 

The  secreting  surface  of  the 
stigma  is  extended  in  a modified 
form  as  far  as  the  place  where 
the  chamber  of  the  anther  opens: 
the  secretion  from  this  surface  forms  the  caudiculus  which  is 
protruded  by  the  so-called  gland,  and  wliich  bears  the  polleir- 
masses.  The  position  of  the  secreting  sruface  of  the  stigma  at 
(c)  (fig.  G3),  gives  rase  to  the  peculiar  circrynstance  that  each  one 
of  the  so-called  glands  unites  two  pollen-masses,  produced  from 
two  different  anthers. 

In  tracing  the  develoirement,  it  airpears  most  clearly  that  that 
which  has  been  called  a gland  is  not  really  a gland,  but  is  a 
true  secretion.  Upon  making  very  thin  transverse  sections 
through  the  stigma  at  different  peidods  of  its  growth,  the  secre- 
tion will  be  found  to  be  at  one  time  fluid,  and  at  another  half 
fluid,  and  already  hardened  on  the  outside,  whilst  additions  are 


Fig.  82. 
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made  to  it  by  new  secx’etioiis  from  the  surface  of  the  stigma 
itself.  The  apj:)arently  cellular  stimcture  of  the  comjxlete  mass 
is  caused  by  the  impression  of  the  secreting  cells ; the  uniform 
nature  of  this  mass  is  seen  by  making  a thin  section  through  it, 
and  treating  it  ^vith  caustic  potash.  The  so-called  gland  of  the 
Asclepiadeax  is  therefore  sometliing  qixite  different  from  the  reti- 
naculxini  of  the  Orchidese,  which  really  consists  of  cells  contain- 
ing a slimy  glutinous  fluid. 

The  Ascleihadese,  as  was  known  long  since,  can  only  be  im- 
pregnated by  insects,  or  artificially.  The  jxlace  where  the 
|xjllen-tubes  can  penetrate  lies  close  under  the  stigma,  fig.  7 5 (a), 
and  is  showai  by  long  papillje  ; the  epithelium  of  the  filament 

of  the  anthers  also  forms  a secre- 
tion at  this  place.  The  two  ova- 
ries of  the  perfect  flower  remain 
completely  separated  down  to 
theii*  base,  although  their  stig- 
mas adhere  to  one  another ; ujxon 
making  a tranverse  section,  the 
placentfE  of  each  ovary  appear 
spread  out  on  both  sides,  and 
bearing  many  rows  of  ovules,  as 
represented  m fig.  78. 

The  ovule  has  only  one  in- 
tegument, and  the  nucleus,  which 
is  but  slightly  developed,  dis- 
appeai’S  at  an  early  period,  being 
absorbed  by  the  embryo-sac.  It 
is  not  visible  at  the  time  of 
fiowei’ing.  Figs.  83,  84,  85,  and 
86,  represent  different  stages  of 
the  developement  of  the  o'vuile. 

The  pistil  increases  in  growth 
at  its  apex;  the  two  stigmas 
are  formed  last ; they  are  originally  separate,  and  become  united 
at  their  apex  at  a subsequent  period,  so  that  the  growing- 
cells  must  be  situated  at  their  apex  (fig.  74  and  fig.  76).  The 
antliers,  on  the  other  hand,  grow  at  their  base;  the  very 


Fig.  85. 

,no 


THE  MICKOSCOPE. 


167 


beautiful  appendage  {z)  is  already  present  when  the  chambers 
of  the  anthers  are  forming  (figs.  73,  74,  7G,  and  G4).  The  ap- 
pendages (a)  and  (h)  of  the  filaments,  on  tlie  other  liand,  appear 
at  a much  later  period ; the  increasing  cm'vaturc  of  the  vascular 
bundle,  Avhich  takes  place  contemporaneously  with  the  further 
developement  of  the  above-mentioned  appendages,  indicates  a 
further  developement  of  the  vascular  bundle  at  this  place. 

The  two  stigmas  of  the  separate  pistils  ai’e  united  by  a real 
adhesion,  or  (jroioincj  together.  In  other  plants,  the  parts  which 
appear  to  have  become  grown  together,  have  not  really  become 
so,  but  only  appai'ently,  the  fact  being  that  the  original  sej)a- 
ration  of  the  parts  is  not  continued  in  their  subsequent  growth. 

Cocciiioa — The  rudiment  of  the  flower  appears,  as  in 
the  case  of  Asclepias,  in  the  form  of  a small  cellular  cone  in  the 
axil  of  the  bract.  A short  time  afterwards  five  protuberances 
appear  upon  it,  which  are  the 
five  sepals.  Fig.  87  represents  a 
longitudinal  section  of  the  first 
rudiments  of  the  flower.  At  a 
later  period  a second  circle,  con- 
sisting of  similar  excrescences,  is 
perceived ; these  are  the  petals,  which  alternate  with  the  sepals. 
A third  whorl  now  follows,  which,  however,  consists  of  only 
four  elements,  alternating  with  the  rudiments  of  the  petals. 
These  are  the  anthers,  the  fifth 
of  which  has  not  begun  to  be 
developed.  Fig.  88  represents 
this  stage  of  the  flower  seen 
from  above.  It  is  very  probable, 
notwithstanding  the  pains  I have 
taken,  that  that  condition  of  the 
plant  which  would  exhibit  the 
rudiment  of  the  fifth  anther  arrested  in  its  growth,  may  have 
escaped  my  attention ; in  Salvia  nivea  I was  so  fortimate  as  to 
meet  with  the  three  arrested  anthers  in  theii’  rudimentary  state. 
Fig.  89  represents  a transverse  section  of  a veiy  young  bud  of 
Salvia  nivea  (x),  being  the  traces  of  the  three  abortive  anthers. 
The  parts  of  the  calyx  in  Stachys  coccinea,  as  well  as  of  the 
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corolla,  are  sepai-ated  at  fir.st;  they  do  not  afterwards  gi'ow 
together,  but  the  fact  rather  is,  that  tlie  separation  ceases  dining 

their  subsequent  developement. 
In  fig.  88  we  have  seen  the  petals 
united  at  their  base.  At  a some- 
what later  period  the  parts  of  the 
calyx,  as  well  as  of  the  corolla, 
are  conijdetely  united  to  one  an- 
other; that  is  to  say,  the  lower 
portions  of  them  have  never  been 
divided  into  sej)arate  paiis  from 
the  first  ]ieriod  of  their  growth. 
Tlie  growth  of  the  calyx  and 
corolla  is  here  shown  to  be  ana- 
Ingcjus  to  that  of  the  leaves,  in  the  fact  that  the  divided  apices 
have  been  first  formed. 


hrui 
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90  and  fig.  91  are  transverse  sections  of  one  and  the 


Fig.  90. 


Fig.  91. 


same  flower  at  different  heights;  at  fig.  91  is  seen  the  enqity 

situs  of  the  fifth  abortive  anther. 
The  ovary  liere  does  not  consist 
of  leaves  originally  sei)arate  and 
afterwards  grown  together ; it 
rather  appears  to  be  always  one 
and  entire.  The  anthers  are  at 
first  inserted  only  a little  above 
the  petals,  as  is  seen  at  fig.  92, 
which  represents  a longitudinal 
section  of  the  flower  at  a period 
somewhat  later  than  that  repre- 
sented in  fig.  90  and  fig.  91.  The 
ovary  of  the  Labiata*  as  well  as 
of  the  Boraginete  appears,  by 
following  out  its  developement, 
to  be  uni-locular,  with  two  pa- 
rietal placentpe,  each  of  which 
bears  two  mules.  Fig.  93  rciiresents  a transverse  section 
through  a young  ovary.  From  the  subsequent  unequal  deve- 
lopement of  the  wall  of  the  ovary,  which  appears  to  be  jn’o- 
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(lucecl  by  the  perfecting  of  the  four  ovules,  the  four  nut-like 
excrescences  originate,  which  are  connected  together  by  the 
single  canal  of  the  style.  I’ig.  94  represents  a longitudinal 


Fig.  92.  Fig.  93.  Fig.  94. 


section  through  the  young  ovary  with  the  style  and  stigma; 
{d)  is  the  disc.  The  ovules  of  the  Labiatre  have  oidy  one  integu- 
ment. In  Sahda  and  Galeopsis  I found  prolongations  of  the 
embryo-sac  similar  to  those  in  Lathrasa  and  Pedicularis. 

::vivc>a. — 4'he  first  appearances  of  the  developernent  of 
the  flower  are  just  the  same  as  in  Stachys,  the  calyx  a|)j)cars 
first,  afterwards  the  petals,  and  then  the  anthers.  Fig.  89,  p.  1 68, 
shows  a very  successful  transverse  section  through  the  rudiments 
of  the  flower,  whilst  it  is  still  concealed  by  the  bract ; the  sejials 
are  no  longer  separate;  the  petals,  on  the  other  hand,  are  still 
separate;  only  two  of  the  anthers  are  as  yet  visible  in  the  form 
of  lai-ge  round  warts;  the  three  others  appear  like  very  small 
oblong  excrescences  {x) : the  po- 
sition of  these  five  anthers,  both 
of  the  three  abortive  ones,  and 
of  the  two  which  are  developed, 
alternates  with  the  petals;  the 
two  anthers  which  are  not  abor- 
tive produce  pollen  only  on  one 
side.  Fig.  95  represents  a trans- 
verse section  of  the  young  flower 
with  the  bract  and  calyx  removed ; the  side  of  the  anthers 
which  i)roduces  pollen  is  bilocular;  it  bursts,  when  ripe,  with  a 
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longitudinal  dehiscence. 


Fig.  96.  Fig.  97. 


depression,  which  at  first  is 


Figs.  9G  and  97  represent  the  stamens 
in  j:)rocess  of  develo2)ement;  fig. 
98,  the  two  stamens  of  the  deve- 
lo2>ed  flower. 

Ai-l>orea. The  first 

rudiments  of  the  flower  ai)j>ear, 
ui  the  usual  manner,  in  the  form 
of  a cellular  cone  in  the  axil  of 
the  hi’act ; shortly  afterwards 
a])jiear  the  rudiments  of  the  four 
se])als,  and  next  to  these  come 
the  four  petals  alternating  Avith 
the  sepals.  Figs.  99  and  100  re- 
present a flower  in  a yoiing  state 
seen  from  above.  After  this, 
however,  follows  a whorl  of  six 
elements.  Fig.  lOlshoAvsaflower 
at  a somewhat  later  stage  than 
is  represented  at  fig.  100.  In 
fig.  101  the  sepals  are  removed, 
and  only  two  of  the  petals  drawn. 
Fig.  102  represents  a very  perfect 
ti’ansA^erse  section,  shoAving  all 
the  jAai-ts  of  the  floAvei*.  It  might, 
perhaps,  be  sujiposed  that  there 
Avere  tAvo  Avhorls  of  anthers,  each 
whorl  containing  four  elements, 
and  that  tAvo  of  the  elements  of 
these  AA'horls  AA'ere  aljortiA'e;  but 
that  this  cannot  be  so  is  shoAAui 
by  the  regular  jAosition  of  the 
six  anthei-s  in  one  Avhorl,  Avhich 
ahvays  occurs  in  good  specimens. 
The  long-stalked  o\-ary,  Avhich  is 
subsequently  deA’elojied,  ajipeai’s 
in  the  form  of  a solid  cohmui ; at 
its  apex  there  is  formed  a small 
very  flat;  the  depi-cssion  subse- 
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quently  increases,  and  the  ovary  assumes  the  form  of  a cup. 
The  edge  of  this  cup  afterwards  increases  in  thickness,  its  walls 
approximate  to  one  another,  and  form  the  stigmas  and  the  style. 
The  ovary  is  unilocular  with  two  parietal  placentte.  The  ovule 
has  two  integuments;  at  a later  period  it  exhibits  a peculiar 
curvature;  the  anther  is  quadrilocidar,  but  at  the  time  of  de- 
■ hiscing  it  is  bilocular. 

Fig.  103  represents  a longitudinal  section  corresponiliug  to  the 
stage  of  developement,  represented  at  fig.  102.  Figs.  104  and  105 
represent  longitudinal  sections  of  the  ovary  in  dilferent  stages 


Fig.  103. 


of  developement,  the  sepals  and  petals  being  removed;  (x)  is 
the  hollow  of  the  ovary.  Figs.  106  and  107  repi'esent  trans- 
verse sections  of  the  ovary  in  different  stages  of  developement. 
Fig.  108  represents  a transverse  section  of  the  young  anther;  it 


Fig.  107. 


is  quadrilocular ; (a)  is  the  vascular  bmidle  of  the  connective; 
(h)  one  of  the  chambers  of  the  anther;  (c)  the  celhilar  tissue  of 
the  connective,  which  is  absorbed  shortly  before  the  dehiscence 
of  the  anther. 
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CHAPTER  IX. 

ON  THE  STRUCT  LTllE  OF  THE  POLLEN  OF  THE  CONIFER.E. 

The  existence  of  naked  ovules  constitutes  one  essential  mark  of 
distinction  between  the  Coniferje  and  Cycadere  and  all  other 
})lia‘nogamous  plants,  but  a more  impoHant  difference  is  to  be 
foixud  in  the  manner  in  which  the  rudiment  of  the  embryo  is 
developed  in  the  interior  of  the  o\mle.  It  is  therefore  not  sur- 
prising that  the  j)ollen  which  plays  so  important  a I'tart  in 
impregnation  should,  in  these  jjlants,  present  extraordinary 
peculiarities.  In  all  other  cases  the  pollen-tube  makes  its  ap- 
pearance in  the  foi’m  of  a tubular  prolongation  of  the  innermost 
pollen-cell,  whilst  in  all  the  Coniferse  which  I have  examined,  a 
body  consisting  of  several  cells  is  formed  within  the  pollen -grain, 
and  the  terminal  cell  of  this  body  displaces  the  contents  of  the 
real  pollen-cell,  and  eventually  forms  the  pollen-tube. 

Fritsche,  in  his  treatise  upon  Pollen,  noticed  the  existence  of 
these  cells  in  the  interior  of  the  pollen  of  the  Coniferre,  and  they 
liave  been  more  fully  and  accurately  figured  and  described  by 
Meyer  in  his  “ Vegetable  Physiology.”  At  p.  188  of  the  third 
volume,  Meyer  says,  “ The  pollen-gi’ains  of  Larix  are  generally 
round,  they  exhibit  a delicate  outer  membrane,  a middle  mem- 
brane of  greater  tliickness  which  is  gelatinous  and  transparent, 
and  an  inner  membrane ; at  a certain  spot,  between  the  outer 
and  the  middle  membrane,  there  is  to  be  found  a narrow  fissure, 
which  under  a low  magnifying  power  appears  only  as  a dark 
streak.  Immediately  \;nder  this  fissure  is  a small  cell,  which  is 
fastened  to  the  middle  membrane,  and  filled  with  a granular 
substance,  and  which  serves  as  a pedicel  for  a larger  cell  in  the 
interior  of  the  pollen-grain.” 

Meyer  found  in  the  pollen  of  Pinus  s5dve.stris  and  Picea 
vulgaris  a small  body  precisely  similar,  consisting  of  two  cells,  a 
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smaller  one  and  a larger  one  j and  lie  states  that  he  has  also 
observed  in  certain  Liliacm  from  one  to  three  cells,  not  united 
together,  but  lying  free  in  the  interior  of  the  pollen-cell.  Meyer 
considers  all  these  cells  to  be  impei’fectly  formed  organisms. 
The  same  subject  was  afterwards  more  fully  discussed  by  Gelez- 
nofi  (Annales  des  Sciences  Naturelles,  1850),  who  has  furnished 
a history  of  the  developement  of  the  pollen  as  well  as  of  the 
embryo  in  the  larch.  There  are,  however,  in  my  opinion,  some 
defects  in  his  account  of  the  developement  of  the  pollen-grains 
and  of  the  cellular  body  in  their  interior.  Geleznoff  (with 
Fritsche)  assumes  the  existence  of  four  pollen-membranes ; ac- 
cording to  his  view,  the  fourth  or  innermost  membrane  is 
formed  from  the  terminal  cell  of  the  cellular  body,  which  gi-a- 
dually  displaces  the  contents  of  the  true  pollen-cell,  i.  e.,  of  the 
third  membrane.  The  pollen-ti\be  of  the  larch  consists,  accord- 
ing to  Geleznoff,  of  two  membranes,  namely,  of  a prolongation 
of  the  true  pollen-cell,  and  a contiguous  prolongation  of  the 
terminal  cell  of  the  cellular  body.  The  small  cells  constituting 
the  pedicel  of  the  cellular  body  are  veiy  accurately  represented. 
The  pollen-tube,  consisting  of  two  membranes,  is  now  supposed 
to  penetrate  into  the  interior  of  one  of  the  corpuscula  of  the 
embryo-sac,  and  to  remain  at  its  apex,  whilst  the  inner  membrane, 
i.e.,  the  prolongation  of  the  terminal  cell  of  the  cellular  body, 
makes  its  appearance,  and  forms  the  embryonic  vesicle,  that  is  to 
say,  the  first  cell  of  the  embryo.  The  investigations  of  Geleznoff, 
therefore,  confirm  Schleiden’s  theory  of  impregnation,  accoi'ding 
to  which  the  first  cell  of  the  embryo  of  the  Coniferje  originates 
in  the  pollen-tube  itself. 

The  bud  of  the  male  catkin  of  Abies  pcctinata  makes  its 
first  appearance  in  Spring,  at  the  time  of  the  opening  of  the 
branch-bud,  in  the  form  of  a small  green  protuberance  in 
the  axis  of  a leaf,  and  on  the  under-side  of  the  young  branch. 
These  buds  are  found  in  large  numbers  upon  every  terminal 
branch  which  has  borne  male  flowers  during  the  current 
year,  which  flowers  usually  open  earlier  than  the  branch-buds. 
The  rudiments  of  the  catkin-bud  are  probably  formed  in  autumn, 
soon  after  the  origin  of  the  leaf  in  the  axil  of  which  it  appears, 
and  in  the  Spring  of  the  first  year  it  consists  of  a j^imctum  ve<je- 
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tationis,  protected  by  a few  scale-like  leaves ; until  the  middle  of 
the  Summer  it  continues  to  form  scales  only,  ft  is  not  until  the 
young  branch  upon  which  the  bud  is  jdaced  has  attained  its  full 
growth,  and  has  begun  to  form  its  autumnal  wood,  that  the 
punctiim  vegetationis  elevates  itself,  and  from  that  time  no  more 
scales  are  formed,  but  rudiments  of  leaves  begin  to  gi’ow,  which 
by  degrees  become  developed  into  anthers. 

The  catkin-bud  of  Abies  pectinata  only  differs  at  first  from 
the  cone-bud  of  the  same  tree,  in  being  situated  on  the  under- 
side of  the  young  branch,  and  in  the  fact  of  the  contemporaneous 
appearance  of  many  buds  in  the  neighbourhood  of  one  another. 
The  cone-l)ud  always  appears  on  tlie  upper  side  of  other  (female) 
branches,  and  is,  moreover,  solitary.  The  process  of  develope- 
ment  which  takes  jdace  in  the  interior  of  both  species  of  buds 
is  at  first  alike;  in  the  latter  part  of  the  Summer,  however,  as 
soon  as  true  leaves  are  formed  in  lieu  of  scales,  essential  dif- 
ferences arise : the  leaf  of  the  male  catkin  exhibits  no  axillary 
buds,  which  latter  are  found  in  the  cone-bud  shortly  after  the 
appearance  of  the  leaf,  and  these  in  the  succeeding  Spring  form 
fruit-scales,  upon  which  the  ovules  are  developed.  On  the  other 
hand,  the  leaf  of  the  male  catkin  bec^omes  the  anther,  whilst 
a longitudinal  row  of  large  cells  is  developed  on  both  sides  of  a 
cambium-striuxj,  which  originates  from  the  thickening-ring  of  the 
axis  or  stem  of  the  bud.  These  cells  are  nourished  by  the  con- 
tiguous smaller  cellular  tissue,  and  in  their  interior  the  mother- 
cells  of  the  pollen-grains,  or  the  cells  which  give  origin  to  the 
mother-cells,  are  formed. 

The  vascular  bundle,  or  connective  of  the  anthei’,  is  formed 
in  the  following  3'ear  out  of  the  cambium-string.  Even  in 
August  the  jmung  anther  of  Abies  pectinata,  Picea  vulgaris, 
Pinus  sylvestris,  and  Larix  is  bilocular.  B}’"  the  end  of  Seji- 
tember,  four  young  pollen-grains  are  found  in  each  mother- 
cell of  these  anthers.  From  this  time  until  the  beginning  of 
Spring,  no  changes  of  im])oi’tance  take  place;  the  cone-bud 
also  makes  no  further  progress  during  the  Winter.  At  the 
beginning  of  IMa\'',  the  pollen-grains  of  Abies  pectinata  and 
Picea  vulo'aris  lie  in  fours  in  the  interior  of  their  mother- 
cell. 
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Fig.  109  represents  a young  pollen -gi’ain  of  Abies  pectinata 
.seen  in  water,  and  fig.  110,  a somewhat  older  pollen-grain,  also 
seen  in  water,  where  (cc)  is  the  place  of  the  thin  spot  in  the  cuticle. 


Fig.  109. 


Fig.  110. 


Fig.  111. 


Fig.  Ill  represents  a mother-cell  of  Abies  pectinata  with  four 
young  pollen-grains.  At  the  beginning  of  May  the  pollen-grains 
of  Picea  vulgai’is,  if  placed  in  water  upoia  the  stage  of  the  micro- 
scope, frequently  swell  up  and  escape  from  the  mother-cell ; when 
this  takes  place,  cells  called  special  mother-cells  (which  exist  also 
in  certain  other  plants,  as,  for  instance,  Lavatera)  are  found  to 
be  pi'esent. 

Figs.  112  and  113  represent  mother-cells  of  Picea  vulgaris, 
which  have  become  quadrilolucar  by  the  formation  of  special 
mother-cells;  the  young  pollen-grains 
having  been  swollen  bv  water  have 
escaped  from  the  mother-cells.  These 
special  mother-cells,  which  were  first 
observed  by  Niigeli,  are  nothing  more 


Fig.  112. 


Fig.  113. 
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than  a primary  layer  of  cellulose  se- 
creted by  the  primordial  utricle  of  the  pollen-cell,  the  pollen- 
cell itself  having  originated  by  division  of  the  primordial  ut)’icle. 
This  layer  of  cellulose,  like  the  mothex'-cell,  is  afterwards  either 
absorbed  by  the  pollen-grains  themselves,  or  appropriated  in 
some  other  way  to  the  perfecting  of  them.  When  the  four  young 
pollen-cells  of  Picea  escape  from  their  mother-cells,  the  latter 
ap|)ear,  to  a certain  extent,  to  be  divided  by  the  special  mother- 
cells  into  four  j)artitions.  {See  fig.  113.)  The  young  pollen  gi-ain 
is  then  generally  no  longer  round ; the  two 
lateral  excrescences,  which  at  a subsequent 
period  characterize  the  pollen-grain  of  Pi- 
cea, Abies,  and  Larix,  are  already  more  or 
less  perceptible. 

Figs.  141  and  115  rejn’esent  young  pollen-grains  at  this 


Fig.  114.  Fig.  115. 
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period,  shewdng  the  commencement  of  the  formation  of  the  two 
lateral  excrescences.  Fig.  IIG  shews  a young  pollen-grain  of 
Picea  vulgaris,  somewhat  further  develojied,  seen  i;iider  watei' ; 

{x)  is  the  place  of  egress  of  the  pollen- 
tube.  A large  nucleus,  surrounded  by 
granular  matter,  lies  api>arently  free  in 
the  middle  of  each  j:>ollen-graiu.  From 
this  time  the  lateral  protuberances  con- 
tinue to  increase  in  size,  the  cuticle,  i.e., 
the  outer  membrane  of  the  pollen-grain, 
which  does  not  consist  of  cellulose,  becomes  stronger  and 
stronger,  and  delicate  markings,  streaks  and  lines  appear  upon 
it,  especially  upon  the  protuberances. 

Figs.  117  and  118  represent  respectively  ripe  pollen-grains 
of  Abies  pectinata  and  Picea  vulgaris  which  liave  been  soaked 


Fig.  116. 


Fig.  117. 


Fig.  118. 


for  half  an  hour  in  oil  of  lemons ; in  each  figure  (a)  Ls  the 
terminal  cell  of  the  cellular  body;  [h)  and  (c)  the  ])cdicel-cells; 
in  both  (c)  has  the  appearance  of  a fissure,  as  is  the  case  in 
Larix ; (x)  is  the  place  of  egress  for  the  ])ollen-tube.  The 
processes  going  on  in  the  interior  of  the  pollen-grain  are  at  this 
time  concealed,  more  or  less,  by  the  granular  contents  ; never- 
theless, I believe  that  in  Abies  I have  seen  the  formation  of 
a cell-membrane,  that  is  the  origin  of  a cell,  around  the  central 
■ nucleus.  When  the  anther  of  the  above-mentioned  Conifers 
o})ens,  which  takes  place  about  the  end  of  May  or  the  be- 
ginning of  June,  eveiy  perfect  pollen-grain  of  Larix  Europa'a^ 
Abies  pectinata,  Picea  vulgaris,  and  Pinus  sylvestri.s,  exhibits 
the  cellular  body  mentioned  by  Meyer;  there  may  also  be  seen 
the  fissure  between  the  outer  and  tlie  inner  membrane,  be- 
tween the  pollen-cell  and  the  cuticle ; the  latter  seems  to  consist  of 
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two  layers,  on  wliich  account  Meyer  speaks  of  three  pollen-mem- 
branes. There  is  also  to  be  seen  above  this  fissure  the  small  pedi- 
cel-cell, and  over  this  again  a lai’ger  cell,  which  encloses  a veiy 
manifest  large  nucleus.  Fig.  119  represents  a 
ripe  pollen-grain  of  Larix  Europtea  seen  in 
water ; (a)  is  the  terminal  cell  of  the  cellular 
body;  (6)  the  larger  pedicel-cell ; (c)  and  {d) 
the  smaller  pedicel-cells,  having  the  appear- 
ance of  fissures  in  the  membrane  of  the  pol- 
len-grain. In  Larix  the  cellular  body  seems 
frequently  to  be  composed  of  four  cells  in- 
stead of  three.  [See  figs.  117  and  118.)  The 
above-mentioned  cellular  body  lies  opposite 
to  either  side  of  the  arcuate  space  which  is 
found  between  the  two  lateral  excrescences,  and  out  of  which  at 
a later  period  the  pollen-tube  emerges.  At  this  place  there  is  to 
be  found  in  the  cuticle  of  Abies  pectiuata  an  attenuated  spot, 
which  is  I’endered  manifest  in  favourable  jiositions  of  the  pollen- 
grain  by  the  use  of  sulphuric  acid  ; the  same  kind  of  spot  proba- 
bly exists  in  Picea  vulgaris  and  Pinus  sylvestris,  and  it  may  be 
seen  also  in  the  cuticle  of  the  Larch,  in  which  plant  also  the 
cellular  body  is  situated  opposite  to  this  place  of  egress  of  the 
pollen-tube.  According  to  Geleznoflf,  both  the  outer  membranes, 
and  therefore  the  cuticle,  are  completely  stripped  off.  Fig.  120 
represents  a ripe  pollen-gi-ain  of  Larix 
Europsea  under  concentrated  sulphuric 
acid.  The  contents  of  it,  as  well  as 
the  true  pollen-cell,  have  disappeared ; 
some  oily  drops  {y)  are  to  be  seen  in 
the  middle  of  the  cuticle  {ct),  which  is 
uninjured,  but  which  has  become  rose- 
coloui’ed,  and  now  exhibits  two  layers; 

(cc)  is  the  thin  spot  in  the  cuticle  in- 
tended for  the  egress  of  the  pollen- 
tube.  The  above-mentioned  cellular 
body  may  be  seen  most  clearly  and  beautifully  in  the  pollen  of 
the  Larch,  which  is  round  or  nearly  so,  and  in  which,  as  is  well 
known,  the  two  lateral  excrescences  are  wanting ; but  neverthe- 


Fig.  120. 
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less  I have  derived  more  information  from  the  study  of  the  pollen- 
grain  of  Abies  pectinata,  Picea  vulgaris,  and  Pinus  sylvestris,  for 
which  it  is  necessary  to  make  use  of  acids  and  volatile  oils. 

By  means  of  the  continued  action  of  oil  of  lemons  or  oil  of 
turpentine,  the  contents  of  the  above-mentioned  pollen-grains 
are  rendered  so  transparent  that  the  construction  of  both  the 
small  pedicel-cell,  and  of  the  larger  tenninal  cell,  as  well  as  their 
attachment  to  the  wall  of  the  pollen-cell,  may  be  cleai-ly  seen. 
(iSee  figs.  117  and  118.)  This  mode  of  observation,  however, 
affords  no  information  with  regard  to  the  fissure  underneath  the 
pedicel-cell.  If,  however,  one  or  two  drops  of  common  sulphuric 
acid  be  ap[)lied  to  the  pollen  when  quite  fresh,  and  a thin  glass 
cover  be  placed  over  it,  the  immediate  appearance  of  the  pollen- 
cell may  be  observed  at  the  spot  destined  for  the  egress  of 
the  pollen-tube;  it  swells  and  protrudes  itself  more  or  less 
rapidly,  and  in  a more  or  less  perfect  condition,  through  the 
cuticle,  and  lies  exposed  before  the  eyes  of  the  observer. 

Pig.  121  represents  a ripe  pollen- 
grain  of  Picea  vulgaris  under  nitric 
acid,  at  the  moment  when  the  true  pol- 
len-cell (_y)  emerges  at  (x) : (ct)  is  the 
cuticle  shewing  two  layers.  Fig.  122 
represents  a similar  pollen-grain  under 
concentrated  sulphuric  acid ; the  pollen- 
cell and  its  contents  have  disapj)eared, 
leaving  only  some  drops,  probably  of 
oil,  behind  in  the  cuticle.  Figs.  123  and  124  repi’esent  the 
pollen-cell  of  two  ripe  pollen-grains  forced  out  of  their  cuticle  by 


Fig.  121. 


Fig.  122.  123.  Fig.  124. 
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the  operation  of  nitric  acid ; (a)  (b),  and  (c)  are  the  cells  of  the 
cellular  body. 
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The  empty  cuticle  now  exhibits  its  markings  still  more  beau- 
tifully. It  is  now  seen  that  as  well  in  Abies  i)ectinata  as  in 
Picea  vulgaris  and  Pinus  sylvestris,  the  cuticle  is  very  strongly 
developed  at  the  two  excrescences,  and  still  more  so  between 
them,  opposite  to  the  place  of  egress  of  the  pollen-tube,  at 
the  point  of  attachment  of  the  cellular  body.  At  the  places 
where  the  cuticle  is  thus  strongly  developed  two  layers  may 
frequently  be  clearly  seen.  The  fissure  between  the  pollen-cell 
aud  the  cuticle  has  now  disa]>peared ; but  three  cells  (and  not 
two  only,  as  in  the  earlier  stages)  are  always  to  be  seen  in 
the  emergent  pollen-cell,  and  these  three  cells  form  the  cellular 
body  in  its  interior.  (See  a,  b,  and  c,  figs.  118,  123,  and  124.) 
The  lowest  of  these  cells  (c)  is  generally  the  smallest,  and  becomes 
united  in  its  growth  to  the  wall  of  the  pollen-cell,  which  fact  is 
clearly  seen  by  pushing  the  covering-glass  backwards  and  for- 
wards; it  was  this  cell  which  at  an  earlier  period  formed  the 
apparent  fissure  between  the  cuticle  and  the  j)ollen-cell.  The 
contiguous  cell  (h),  which  is  somewhat  larger,  and  which  has  been 
hitherto  called  the  pedicel-cell,  supports  a third  cell,  viz.,  the 
the  teiminal  cell  of  the  cellular  body  (a).  I have  never  seen 
more  than  three  cells  in  Abies  pectinata,  Picea  vulgaris,  and 
Pinus  sylvestris;  but  I have  never  failed  to  see  any  one  of  these 
three  cells  in  the  perfect  pollen-grain. 

Although  I have  not  been  able  to  trace  the  developement 
of  the  cellular  body,  it  may  perhaps  be  assumed  that  its  three 
cells  originate  from  the  one  cell  which  I have  observed  in  the 
pollen-grain  of  Abies  pectinata,  and  proljably  by  repeated  di\fi- 
sions  of  the  primordial  utricle.  The  two  pedicel-cells,  when  once 
formed,  do  not  seem  to  increase  in  size,  but  the  terminal-cell 
gi'ows  visibly ; in  Pinus  sylvestris  I have  met  with  instances  in 
which  the  latter  cell  has  completely  displaced  the  granular 
contents  of  the  pollen-cell,  and  become  distended  to  such  a 
size  as  to  fill  up  completely  the  hollow  of  the  latter.  The 
true  pollen-cell  a})peared  about  this  time  to  be  much  decayed, 
and  of  a gelatinous  consistency;  at  the  apex  it  was  com- 
pletely absorbed.  I cannot,  therefore,  at  present  subscribe 
to  Geleznofl’s  opinion,  that  the  pollen-tube  is  formed  of  two 
memijraues. 
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Fig.  125  repi-e.sents  a ripe  pollen-grain  of  Pinus  sylvestris 
viewed  dry;  at  {x)  the  place  of  egress  for  the  pollen-tube,  it  is 


Fig.  125. 


Fig.  126. 


Fig.  127. 


folded  together.  Pigs.  12G  and  127  represent  similar  pollen- 
grains  aftc;r  long  soaking  in  oil  of  lemons  : (a)  (b)  and  (c)  are  the 
cells  of  the  cellidar  body,  which  has  already  displaced  the  con- 
tents of  the  pollen-cell;  the  latter  is  gelatinous  and  distended: 
(x)  is  the  place  of  egress  for  the  pollen-tiibe. 

Figs.  128  and  129  represent  the  pollen-cells  of  two  ripe  pollen- 
grains  of  Pinus  sylvestris  forced  out  of  the  cuticle  by  nitric 

acid;  (a)  (b)  and  (c)  are  the 


Fig.  128. 


Fig.  129. 


cells  of  the  cellular  body;  (y) 
is  the  swollen  wall  of  the 
pollen-cell. 

I have  observed  the  termi- 
nal cell  of  Pinus  sylvestris, 
which  at  a later  period  makes 
its  appearance  as  a pollen-tube, 
to  be  in  some  cases  filled  with  granular  mattei',  corresponding  che- 
mically to  the  earlier  contents  of  the  pollen-cell ; the  two  pedicel- 
cells  then  appeared  to  be  in  a dead  or  dying  state.  In  Picea 
vulgaris,  Abies  pectinata,  and  Larix  Europtea,  I have  not  been 
so  fortunate  as  to  be  able  to  trace  fully  the  subsequent  develope- 
ment  of  this  terminal  cell  into  the  pollen -tube.  From  the  results 
of  prior  observations,  it  seems  to  me  to  be  not  improbable  that 
in  other  Coniferm  besides  the  Lai’ch,  the  cuticle  is  completely 
stripped  off  by  the  tubular  prolongation  of  the  pollen-cell.  In 
the  Larch  this  fact  has  already  been  observed  by  Geleznofi'. 

In  the  Autumn  of  1853,  Encephalartos  Altensteini  produced 
two  male  blossoms  at  Hamburgh.  I examiued  the  pollen  whilst 
fresh,  but  did  not  discover  the  above-mentioned  celhilar  body. 
The  pollen  of  the  Cycadea3  is  round,  and  is,  like  that  of  the  Coni- 
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ferse,  famished  with  only  one  place  of  egress  for  the  pollen-tube. 
The  pollen  of  Encephalaidos,  when  dry,  is  folded.  In  that  which 
I examined,  I did  not  meet  with  the  granular  contents  which  in 
the  Conifei'te  are  coloured  yellow  by  iodine,  and  which  are  made 
to  burst,  or  become  transformed  into  oil-di’ops,  on  the  application 
of  sulphuric  acid.  This  pollen  seems  to  me,  therefore,  to  be  ab- 
normal, and,  consequently,  I do  not  attribute  any  importance 
to  the  cmcum  stance  of  the  non-existence  of  the  cellular  body. 
It  remains,  therefore,  to  be  ascertained  by  further  examinations 
of  the  pollen  of  the  Coniferse  and  Cycadrfe,  whether  the  above- 
mentioned  cellular  body  m the  interior  of  the  pollen  is  common 
to  all  the  plants  of  these  families;  and  whether  the  terminal 
ec  11  of  this  body  is  intended  in  all  cases  to  serve  the  same  pur- 
poses as  in  Pinus  sylvestris.  If  it  be  so,  a new  and  important 
characteristic  of  these  families  will  have  been  obtained.  The 
examination  of  the  pollen  should,  however,  be  made  only  whilst 
it  is  fresh ; after  it  has  become  dry,  the  Jissv/re  to  which  I have 
referred  may  still  be  seen,  but  not  the  celhdar  body.  Geleznoff’s 
careful  observations  on  the  impregnation  of  the  Larch  deserve  to 
be  carefully  repeated. 

If,  as  may  confidently  be  ex2>ected,  the  appearances  which 
have  been  here  described  are  found  to  occur  in  all  the  Conifero? 
and  Cycadese,  the  I'eproductive  organs  and  the  formation  of 
the  embryo  of  these  plants  will  differ  from  those  of  all  other 
phanerogams  in  the  three  following  essential  particulars. 

1.  The  Coniferse  and  Cycadese  have  naked  ovules,  that  is  to 
say,  their  ovules  originate  in  an  open  fruit-scale,  whilst  in  all 
other  (phanerogamous)  plants  they  make  their  appearance  in 
the  interior  of  a special  organ,  that  is  in  the  hollow  of  the 
ovary. 

2.  The  embryo-sac  of  the  Coniferse  and  Cycadeae  produces 
corpicscula,  which  are  large  cells  of  the  albumen,  varying  in 
number,  and  situated  at  the  apex  of  the  embryo-sac,  into  which 
the  pollen-tube  enters,  in  order  that  after  having  extended 
itself  within  the  corjmsculum,  it  may  form  the  fii’st  cells  of  the 
embryo.  In  all  other  plants  the  corpicscula  are  wanting,  the 
pollen-tube  simply  enters  into  the  embryo-sac,  and  forms  therein 
the  first  cells  of  the  embryo. 
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3.  The  i^ollen-tuhe  of  the  Coniferae  and  Cycadeae  is  not  (as  is 
tlie  case  in  other  phanerogams)  a prolongation  of  the  inner  time 
pollen-cell,  hut  an  extension  of  the  terminal  cell  of  a s'/rudl  body 
consisting  of  severed  cells,  which  body  originates  in  the  interior 
of  the  pollen-cell,  the  contents  of  which  it  appropriates  to  the 
purposes  of  its  own  devolopenient. 
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CHAPTER  X. 

FURTHER  OBSEUVATIOXS  UPON  THE  STRUCTURE  OF  THE  POLLEN 

OF  THE  CONIFEIL'E. 

In  the  spring  of  the  present  year,  1854,  further  ohservations 
alTorded  me  the  following  results,  which  are  supplementary  to 
those  contained  in  the  last  chapter. 

1.  In  the  pollen-grain  of  the  Larch,  .shortly  before  the 
dehiscence  of  the  two  loculi  of  the  anthers,  the  pollen-cell 
becomes  divided,  so  that  it  falls  into  two  im equal  halves.  The 
lesser  derivative  cell  lies  opposite  to  the  fissure  in  the  cuticle 
destined  for  the  egress  of  the  pollen-tuba  This  cell  again  be- 
comes dEdded,  and  the  division  is  generally  repeated  in  both  the 
derivative  cells  of  the  second  order.  In  this  manner  the  cellu- 
lar body  originates  in  the  interior  of  the  true  pollen-cell,  the 
wall  of  which  is  now  softened  to  a gelatinous  consistency.  The 
two  lowermost  cells  of  the  cellular  body  then  undergo  no  fur- 
ther developement,  and  their  contents  disappear ; when  the 
pollen  is  shed  they  foi’m  the  two  fissures  seen  in  fig.  119.  The 
two  upper  cells  of  the  cellular  body,  on  the  other  hand,  continue 
to  grow ; the  uppermost  or  terminal  cell  becomes  the  pollen- 
tube,  which  destroys  the  contents  of  the  larger  primary  deriva- 
tive cell,  and  breaks  through  it.  By  this  means  the  cuticle  is 
stripped  off  in  the  form  of  a covering  with  two  flaps.  The 
repeated  division  by  which  the  cellular  body  in  the  pollen-grain 
of  the  larch  originates,  generally  takes  jilace  horizontally,  that  is 
in  a direction  parallel  to  the  direction  of  the  primary  division. 
Exceptions,  however,  to  this  rule  are  not  unfrequent,  in  which 
the  subsequent  division  takes  place  in  a direction  perpendicular 
or  oblique  to  that  of  the  first. 

2.  In  those  Coniferse  the  anthers  of  which  are  provided  with 
pollen-sacs  (Cupressus,  Thuja,  Juniperus  and  Taxus)  a similar 
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division  of  tlie  pollen-cell  into  two  unequal  halves  takes  place 
in  the  round  pollen-grain.  Here  also  that  one  of  the  derivative 
cells  which  lies  opposite  to  the  fissure  in  the  cuticle  is  much 
smaller  than  the  other.  The  smaller  of  these  cells,  however,  does 
not,  as  in  Lai'ix,  Finns,  Picea,  and  Abies,  become  developed  into 
the  cellular  body  which  is  nourished  by  the  larger  derivative 
cell  of  the  jiollen-grain.  The  smaller  cell  undergoes  no  further 
change  ; the  larger  cell,  on  the  other  hand,  becomes  the  pollen- 
tube,  which  breaks  through  the  now-softened  gelatinous  mem- 
brane of  the  true  pollen-cell,  whereby  the  cuticle,. as  in  Larix,  is 
striiipcd  off  in  the  form  of  a two-flai)ped  covering.  In  these 
plants  those  pollen-tubes  which  have  penetrated  into  the  nucleus 
of  the  ovule  always  have  their  cuticle  stripped  oft’;  they  ter- 
minate on  their  free  side  with  the  small  undeveloped  derivative 
cell  (Thuja,  Juniperus,  Taxus).  In  Cupressus  the  pollen-grains 
not  unfrequeutly  protrude  tubes,  whilst  still  in  the  pollen-sacs ; 
in  these  free  tubes  a cell-formation  by  division  frequently  takes 
place. 

3.  The  scale  which  carries  the  pollen-sacs  of  the  above-named 
Coniferse  (which  pollen-sacs  have  frequently  been  taken  for  the 
true  anthers)  is  shown  by  following  out  the  developement  to  be 
the  true  anther  of  these  plants.  The  pollen-sacs  are  developed 
by  a peculiar  formation  of  leaf-tissue  at  certain  parts  of  these 
anthers,  such  part  in  Thuja,  Cupressus,  Callitris,  and  Juniperus 
communis,  being  the  underside  of  the  stalk.  In  Taxus,  on  the 
other  hand,  the  pollen-sacs  appear  in  the  form  of  five  or  six 
loculi  on  the  inner  side  around  the  stem  of  the  shield-like 
anthers ; they  open  like  the  others  by  a fissure.  The  ])ollen-sacs 
of  the  Cycadete  also  are  certainly  not  to  be  regarded  as  real 
anthers,  but  as  those  parts  of  the  anther  which  perfect  the 
pollen  ; the  scale  which  bears  this  pollen-sac  is  the  true  anther. 
The  male  blossom  (the  catkin)  of  the  Coniferae  and  CycadesB 
consists  therefoi'e  of  a stem-like  portion,  the  axis,  upon  which  a 
congeries  of  leaves  arc  perfected  as  anthers ; it  is  to  be  regarded 
as  a single  blossom,  whilst  the  male  catkins  of  the  Amentaceaj 
really  have  distinct  flowers. 

4.  In  Podocaiqms  the  construction  of  the  anther  is  similar  to 
that  in  the  Abietina?;  it  is  bilocular;  the  loculi  are  situated 
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towards  tlie  outer  lower  side;  they  dehisce  like  the  anthers  of 
Pinus  and  Larix,  by  a perpendicular  longitudinal  fissure.  The 
pollen  has  an  excrescence  on  either  side,  exactly  as  in  Abies, 
Picea,  and  Pinus.  The  fissure  in  the  cuticle  intended  for  the 
exit  of  the  jiolleii-tube  lies  between  the  two  lateral  excrescences. 
Ejihedra,  which  has  eight  (1  always)  bilocular  anthers  seated 
upon  a short  column,  has  oval  pollen-grains  with  six  longitu- 
dinal ribs,  upon  which  no  place  of  egress  for  the  pollen-tube  is 
is  to  be  discovered.  The  male  blossoms  of  Podocarpus  and 
Ephedra  which  I examined  were  dried  specimens. 

5.  The  pollen  of  the  Corniferje  and  Cycadece,  if  once  dried, 
never  becomes  sufficiently  saturated  to  enable  the  observer  to 
come  to  any  conclusion  as  to  the  division  of  its  pollen- cell. 
Tins  investigation,  therefore,  can  only  be  undertaken  with  fresh 
pollen.  It  is  then  seen  that  the  Cycadete  of  our  hot-houses  fre- 
quently do  not  perfect  their  pollen.  In  the  botanical  garden  of 
Berlin,  the  pollen  of  a Zamia  was  found  to  be  imperfect,  that  is, 
its  contents  w’ere  shrivelled  up.  In  Juniperus  communis,  where 
the  iDollen-grain  lies  for  a year  apparently  inactive  upon  the 
nucleus  of  the  ovule,  the  division  of  the  pollen-cell  seems  to  take 
place  for  the  first  time  in  the  second  Spring  ; even  in  Taxus, 
where  the  pollen-grain  lies  inactive  ujDon  the  nucleus  for  some 
weeks,  the  division  of  the  pollen-cell  not  unfrequently  takes 
place  within  the  anthers ; in  Thuja  and  Cupressus  the  division 
may  be  seen  even  befoi’e  the  shedding  of  the  pollen.  The  same 
thing  occurs  in  Larix,  Abies,  Picea,  and  even  in  Pinus,  although 
the  23ollen-tubes  of  the  latter  do  not  reach  the  embryo-sac  and 
coiqmscula  until  the  following  year. 

G.  As  the  cuticle  of  the  Coniferfe  is  sti'ipped  off  when  the 
pollen-tube  is  develojoed,  the  termination  of  the  latter,  when  it 
has  reached  the  nucleus  in  Abies,  Picea,  Pinus,  and  Larix,  is 
formed  of  the  j)edicel-cells  of  the  cellular  body,  ujDon  which  the 
remnants  of  the  lacerated  covering  of  the  true  2)ollen-cell,  and 
of  the  lai'ger  dexdvative-cell  which  originated  in  the  j^ollen-cell, 
are  often  found  hanging.  In  Cu^wessus,  Thuja,  Juniperus,  and 
Taxus,  on  the  other  hand,  the  small  undevelojxed  dei’ivative-cell 
forms  the  termination  of  the  pollen-tube,  and  iqion  this  deriva- 
tive-cell the  remains  of  the  broken  membrane  of  the  pollen-cell 
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may  often  be  seen.  The  detached  collapsed  cuticle  may  not  un- 
frequently  be  seen  upon  the  nucleus  near  the  pollen-tube. 

7.  The  contents  of  the  pollen-gi'ains  in  the  Coniferae  vaiy  con- 
siderably, accordmg  to  their  state  of  developement : large  and 
small  starch-grains  are  to  be  met  mth,  as  well  as  fine  granular 
matter  devoid  of  starch.  In  Cupressus,  when  the  pollen  has 
protruded  tubes  in  the  interior  of  the  pollen-sac,  large  xound 
starch-grains  arc  often  found  in  the  pollen-tube,  but  never  free 
cells.  Cell-formation  in  the  pollen-tube  seems  always  to  take 
place  by  division  ; every  cell  has  a manifest  nucleus. 

As  far,  therefore,  as  my  observations  have  extended,  there 
would  seem  to  be  two  modes  of  formation  of  pollen-tubes  in  the 
Coniferse. 

First.  — The  pollen-cell  becomes  divided  into  two  unequal 
halves;  the  smaller  derivative-cell  is  further  developed,  and 
forms  by  repeated  cell-divisions  a cellular  body,  the  tenninal 
cell  of  which,  being  nourished  by  the  contents  of  the  larger 
derivative-cell  of  the  pollen-grain,  becomes  the  pollen-tube ; the 
pollen-tube  throws  off  the  cuticle,  and  breaks  through  both  the 
membrane  of  the  true  pollen-cell  and  that  of  the  larger  deriva- 
tive-cell. This  mode  of  formation  of  the  pollen-tube  obtains  in 
Abies,  Picea,  Pinus,  Larix,  and  perhaps  in  Podocaiqjus. 

Secondly. — The  pollen-cell  becomes  divided  in  like  manner 
into  two  unequal  halves,  but  the  smaller  derivative  cell  does  not 
become  further  developed ; on  the  other  hand,  the  larger  deri- 
vative-cell forms  the  pollen-tube,  which  throws  off  the  cuticle, 
and  breaks  through  the  membrane  of  the  pollen-cell.  This 
occui’s  in  Thuja,  Cupressus,  Juniperus,  and  Taxus. 

The  wide  difference  which  is  thus  found  to  exist  between  the 
pollen  of  different  Coniferse  has  given  a new  aspect  to  the 
question  relative  to  the  impregnation  of  these  plants.  A con- 
tinued series  of  accurate  observations  is  very  much  to  be  desired. 
My  own  are  not  yet  by  any  means  complete  ; but  I may  mention 
the  following  circumstances  as  deserving  of  particular  attention. 

In  the  first  place,  although  Hofmeister*  considers  their  ex- 
istence probable,  I have  never  fouud  phytozoa  in  the  pollen- 


* See  Hofmeister’s  “Keimung,  &c.,  Hoherer  Kryptogamen,”  p.  132. 
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tubes  of  any  of  the  Conifers  which  I have  examined.  The  act 
of  impregnation  in  the  Coniferm  genei’ally  bears  no  resemblance 
to  the  formation  (within  the  germ  organ)  of  the  embryo  of  the 
higher  Cryptogamia. 

Secondly. — Free  cells  never  originate  in  the  corpuscula  of  the 
Conifei’fe  ; what  Hofmeister  took  for  cells  are  round  cavities 
filled  with  a clear  fluid,  and  circumscribed  by  a finely-granular, 
more  solid  mass.  They  are  the  so-called  mock-cells  whicli  occur 
not  unfrequently  elsewhere,  even  in  the  pollen-tube  of  one  of 
the  Conifers  themselves,  viz.,  Finns  sylvestris. 

Thirdly.  — Several  pollen-tubes  generally  reach  the  embryo-sac 
through  the  tissue  of  the  nucleus  : I have  counted  six  such 
tubes ; nevertheless,  one  pollen-tube  can  impregnate  several 
corpuscula. 

Fourthly. — The  pollen- tube  forces  its  way  between  the  cells 
of  the  so-called  Rosette  ; that  is  to  say,  between  those  cells 
which  cover  the  apex  of  the  corpusculum  : these  latter  cells  ai'e 
pushed  far  apart  by  the  pollen-tube  (in  Finns,  for  instance), 
which  then  appears  like  a bladder  in  the  intei'ior  of  the  coi'ims- 
culum  : the  mock-cells  then  make  way  for  the  pollen-tube  in  such 
a manner  that  they  continue  still  visible  in  the  lower  part  of  the 
corpusculum  : it  seems  generally  as  if  the  fluid  contents  of  the 
latter  cells  became  thinner  upon  the  entiy  of  the  joollen-tube. 
From  the  above  it  seems  clear  that  Hofmeister’s  02)inion,  accord- 
ing to  which  a cell  existing  in  the  corpusculum  is  imjDregnated 
by  the  jDollen-tube,  is  founded  in  error,  since  no  cell  is  ^^resent 
in  the  corpusculum  before  the  entry  of  the  pollen-tube.  New 
and  extended  observations  made  upon  Lathrfea  and  Viscuin 
have  convinced  me  of  the  accuracy  of  Schleiden’s  theory,  accord- 
ing to  which  the  first  cells  of  the  future  plant  originate  in  the 
pollen-tube  itself 
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CHAPTER  XI. 

.SOME  FURTHER  REMARKS  UPON  THE  MODE  OF  IMPREGNATION  IN 
PINUS  SYLVESTRIS  AND  TAXUS  BACCATA. 

Shortly  after  the  pollen-tube  of  Pinus  .sylvestris  lia,s  penetrated 
into  the  corpusculum  it  becomes  slightly  swollen ; it  appears  in 
the  form  of  a small  bladder  in  the  apex  of  the  corpusculum.  A 
cell  then  originates  in  this  bladder  by  the  formation  of  a hori- 
zontal partition ; this  latter  cell  then  swells  mto  a round  shape 
and  becomes  divided  cross-wi.se  into  four  derivative  cells.  The 
body  formed  by  the  four  cells  is  now  suspended  by  the  short  tu- 
bular fragment  of  the  pollen-tube,  and  is  shortly  afterwards  found 
at  the  bottom  of  the  corpusculum,  and  therefore  oji^iosite  to  the 
place  of  entrance  of  the  pollen-tube.  This  cellular  body,  out  of 
which  the  so-called  lower  rosette,  as  well  as  the  embryonal  tube.s, 
and  the  first  cells  of  the  embryo,  are  formed,  penetrates  quite 
gradually  to  the  bottom  of  the  corpusculum,  becoming  detached 
meanwhile  from  the  tubular  portion  of  the  pollen-tube. 

The  fluid  contents  of  the  pollen-tube  become  (as  has  been 
mentioned  above)  clearer  by  degrees  from  above  downwards,  the 
lower  denser  part  therefore,  which  is  filled  with  mock-cells,  .sup- 
ports the  cellular  body  until  it  eventually  reaches  its  destination 
and  pi’oceeds  to  develope  itself  further.  Not  unfrequeutly,  how- 
ever, a division  of  the  four  cells  appears  to  take  place  in  a hori- 
zontal direction  at  an  earlier  period,  on  which  account  the 
cellular  body  at  the  bottom  of  the  corpusculum  consists  gene- 
I'ally  not  of  four  simple  rosette-like  cells  l3uug  near  one  another, 
but  of  four  double  cells.  I traced  this  cellular  body  through  its 
formation  out  of  the  end  of  the  inserted  pollen-tube,  as  well  as 
in  its  progress  downwards ; so  that  I have  seen  it  at  the  apex  of 
the  corpusculum  with  its  four  cells  fully  developed,  still  united 
to  the  tubular  portion  of  the  pollen-tube.  I have  seen  it  after- 
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wards  in  tlie  middle  of  the  jDollen-tube ; and,  lastly,  I have  seen 
it  at  its  final  resting  place,  at  the  bottom  of  the  corpusculiim. 
After  the  contemporaneous  division  of  the  four  cells  has  taken 
place,  and  when  therefore  the  body  at  the  bottom  of  the  corpus- 
culum  consists  of  eight  cells,  the  four  cells  of  the  lower  row 
become  again  divided  in  a horizontal  direction ; the  body  now 
consists  therefore  of  four  rows  of  cells  lying  over  one  another, 
each  row  containing  four  cells.  The  uppermost  row  of  these 
cells  undergoes  no  further  developement,  their  walls  remain  very 
delicate;  the  walls  of  the  second  row  become  much  thickened, 
but  the  cells  do  not  become  further  developed  in  any  other  way ; 
this  row  forms  the  so-called  lawer  rosette,  to  which  are  attached 
the  rows  of  cells  of  the  following,  that  is  the  third  layer,  out  of 
which  the  embryonal  tubes  are  formed.  The  rudiment  of  the 
embryo  is  developed  from  the  bottom  row  of  cells.  By  the 
tubular  prolongation  of  the  third  row  of  cells  the  corjmsculum 
is  pierced  through  at  the  bottom,  and  the  fourth  row,  forming 
the  rudiment  of  the  embryo,  is  carried  downwards  into  the 
wedge-shaped  loosened  tissue  in  the  axis  of  the  albumen,  in 
order  to  become  developed  into  the  embryo. 

Although  Schleiden  and  I both  assumed  that  the  pollen-tube 
of  all  the  Coniferae  after  entering  the  corpusculiim  became  dis- 
tended, and  that  it  lay  with  its  wall  close  to  the  wall  of  the 
corpusculum,  neverd-heless  in  Pinus  this  is  certainly  not  the 
case.  The  pollen-tube  remains  at  the  apex  of  the  corpusculum, 
it  never  becomes  distended;  if  a careful  section  be  made,  the 
tubular  end  of  it  may  be  clearly  seen  in  the  form  of  a short 
stalk,  when  the  cellular  body  has  already  reached  the  middle  or 
even  the  bottom  of  the  corpusculum ; this  short  stalk  answers 
to  the  Funiculus  suspensorius  of  other  phanerogams. 

In  the  Yew  (Taxus  baccata)  the  pollen-tube  lies  like  a bladder 
over  the  apex  of  the  embryo-sac  ; it  penetrates  into  the  depres- 
sions under  which  the  corpuscula  are  situated,  and  there  is 
formed  in  its  interior  a body  consisting  of  four  cells,  aiTanged 
like  a rosette.  This  body  is  formed  before  the  pollen-tube 
breaks  through  the  loosened  wall  of  the  corpusculum,  and  it 
appears  to  originate  by  division,  not  by  free  cell  formation.  It 
is  probably  formed,  like  the  similar  four-celled  body  in  the 
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polleu-tube  of  Pinus,  by  division  of  one  motber-cell.  I Lave 
frequently  been  fortunate  enougb,  whilst  the  pollen-tube  was 
lying  over  a corpusculum,  to  detach  it  in  an  uninjured  state,  so 
that  I could  fully  and  accurately  examine  the  cellular  body 
whilst  within  the  pollen-tube.  The  apex,  or  x'ather  the  extension 
of  the  bladder-like  pollen-tube  in  which  the  above-mentioned 
cellular  body  lies,  penetrates  into  the  corpusculum,  and  becoming 
distended,  fills  up  by  degrees  the  hollow  of  the  latter.  The 
cellular  body  then  becomes  enlarged  by  repeated,  but  xxot  always 
regular,  division,  so  that  the  number  and  arrangement  of  the 
cells  is  not  always  the  same.  The  corpuscula  of  one  and  the 
same  embryo-sac  difier  also  amongst  them.seh'es  in  size  and 
shape.  I have  succeeded  in  completely  detaching,  at  different 
periods  of  developement,  that  portion  of  the  pollen-tube  which 
has  penetrated  into  the  corpusculum.  Generally,  however,  the 
pollen-tube  breaks  off  at  the  place  where  it  passed  the  mouth  of 
the  corpusculum.  The  embryonal  tubes  are  formed  out  of  the 
upper  layers  of  cells,  which  latter  are  formed  within  the  cor- 
pusculum out  of  the  cellular  body  existing  in  the  pollen-tube 
before  the  entrance  of  the  latter  into  the  corpusculum.  The 
rudiment  of  the  embryo,  on  the  other  hand,  originates  from  the 
lower  layers  of  cells.  By  the  growth  lengthwise  of  the  em- 
bryonal-tubes the  rudiment  of  the  embryo  is  (as  in  Pinus) 
carried  downwards  into  the  wedge-shaped  loosened  portion  of 
the  albumen  which  is  situated  beneath  the  cor])uscula,  and  there 
proceeds  to  develope  itself  into  the  embryo.  The  corpuscula 
and  the  embryonal  tubes  dry  up  as  soon  as  their  office  has  been 
fulfilled  ; the  same  is  the  case  in  Pinus. 

In  Taxus  the  pollen-tube  really  becomes  enlarged  in  the 
interior  of  the  corpusculum,  as  Schleiden  has  already  noticed  ; 
tills,  however,  does  not  occur  in  Pinus.  In  Pinus  the  po.sition 
of  the  corpuscula  of  the  impregnated  ovule  is  such  that  their 
apices  turn  upwards  ; the  cone  hangs  downwards,  so  that  the 
ovules  have  their  micro])yles  directed  upwards.  In  this  case, 
tliereforc,  the  cellular  body,  or  the  four-celled  embryonic  vesicle, 
cixn  sink  downwards  by  gravitation  ; in  Taxus,  where  the  apex 
of  the  corpusculum  of  the  impregnated  ovule  points  downwards, 
the  change  of  place  of  the  embryonic  vesicle  could  not  be 
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brought  about  in  the  same  way.  The  single  ovule  in  Taxus 
bangs  with  its  micropyle  downwards.  Here  also  the  pollen- 
tube  goes  really  to  the  bottom  of  the  coi’pusculum.  In  Abies 
pectinata,  where  the  cones  are  upright,  the  place  of  entrance  of 
the  pollen-tube  into  the  corpusculum  lies  underneath,  as  in 
Taxus,  so  that  the  embryonic  vesicle  cannot  reach  the  place  of 
its  fui-ther  developement  in  the  same  manner  as  in  Pinus.  An 
examination  of  Abies  pectinata  is  likely  to  afford  interesting 
results,  especially  on  account  of  the  size  of  its  corpuscula. 

In  Phormiuin  tenax,  Schleiden  has  pointed  out  the  formation 
of  the  first  cells  of  the  embryo  in  the  interior  of  the  pollen-tulje, 
whilst  the  latter  was  lying  over  the  embryo-sac,  and  before  the 
wall  of  the  embryo-sac  had  been  broken  through.  In  Taxus 
I have  been  so  fortunate  as  to  establish  indubitably  the  same 
result ; viz.,  the  formation  of  the  first  cells  of  the  embiyo  within 
the  pollen-tube  whilst  still  lying  over  the  corpusculum ; thus 
affording  direct  evidence  in  favour  of  the  correctness  of  Schlei- 
den’s  theory  in  the  case  of  the  Coniferje. 

The  idea,  thei'efore,  of  the  relation  between  the  Coniferas 
and  the  higher  Cryptogamia,  which  was  founded  upon  the  mode 
of  developement  of  the  embryo,  is  no  longer  worthy  of  considera- 
tion. The  ConiferjB,  so  far  as  regards  their  mode  of  imj^reg- 
nation,  are  united  much  more  intimately  with  the  rest  of  the 
phsenogamous  plants  ; they  differ  from  the  latter  only  in  the 
circumstance,  that  their  pollen-cell  and  embryo-sac  are  not 
directly,  but  to  a certain  extent  indirectly,  active  in  the  forma- 
tion of  the  embryo.  Whilst,  for  example,  in  the  other  phanero- 
gams the  pollen-cell  itself  is  prolonged,  and  forms  the  pollen- 
tube,  in  the  Coniferre  the  pollen-cell  forms  derivative-cells,  one 
of  which  becomes  the  pollen-tube  ; moreover,  the  first  develope- 
ment of  the  young  rudiment  of  the  embryo  takes  place  in  the 
Coniferje,  not  immediately  in  the  embi-yo-sac,  but  in  a certain 
derivative-cell  of  the  latter;  viz.,  in  the  corpusculum.  With 
regard  to  all  other  circumstances,  the  other  phanerogams  ex- 
hibit corresponding  analogies : the  embryonal  tubes,  for  instance, 
are  similar  to  the  long  appendage  by  which  the  embryo  of  Tro- 
pgeolum  is  suspended,  which  appendage  consists  of  several  rows 
of  cells. 
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The  rudiment  of  the  embryo,  therefore,  in  the  Coniferoe  also 
lies  in  the  pollen-tube,  in  the  interior  of  which  the  primary 
cells  of  the  embryo  originate  : the  contents  of  the  coi’pusculum 
in  the  first  instance  afibrd  nourishment  to  these  cells,  and  at  a 
later  period  the  young  embryo  is  fed  in  the  usual  manner  by 
the  albumem  The  office  of  the  pollen-tube  of  the  Coniferae, 
therefore,  is  not  to  impregnate,  but  to  bear  the  germ  : the 
embryo-sac  of  the  plant  is  generally  only  the  organ  which 
nourishes  the  germ ; it  is  analogous  to  the  utenis,  in  which  the 
ovum  in  the  animal  kingdom  is  perfected.  The  mode  of  im- 
pregnation of  phanerogamous  j)lants,  including  the  Coniferae, 
bears  no  resemblance  to  the  mode  of  impregnation  in  the  animal 
kingdom  ; and  just  as  little  can  the  formation  of  the  fruit,  or 
embryo  of  the  higher  Ciyptogamia,  be  compared  with  the  fruc- 
tification of  the  higher  plants ; yhytozoa  and  pollen-tvhes  are 
widely  different  things. 

Although  Hofmeister  (Flora,  No.  17,  1854)  has  quite  lately 
pointed  out  the  enti'ance  of  the  phytozoa  into  the  interior  of 
the  germ-organ  of  ferns,  the  manner  in  which  these  phytozoa 
opei-ate  upon  the  free  cell  which,  according  to  Hofmeister,  exists 
within  the  germ-organ,  is  by  no  means  understood ; we  must 
wait  until  careful  observation  shall  have  removed  the  veil  under 
which  these  processes  at  present  lie  concealed. 
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The  following  is  Unger’s  account  of  tlie  origin  of  the  embryo, 
taken  from  the  Twelfth  Letter  of  his  Botanische  Briefs.  After 
describing  the  formation  of  the  ovule,  he  }>roceeds  as  follows  : — 
“ Shortly  afterwards,  there  is  found  in  the  centre  of  the  ovule 
a cell,  perhaps  the  top  cell,  which  grows  to  a very  large  size ; it 
is  called  the  embryo-sac,  and  in  its  spacious  interior  several 
small  free  cells  are  produced,  which  float  about  in  the  contents 
of  the  former  cell.  These  are,  and  can  be,  no  other  than  repro- 
ductive cells.  These  I'eproductive  cells  do  not  appear  of  them- 
selves to  increase  any  further  in  growth,  and  they  would  wither 
and  eventually  decay  if  they  were  not  moved  to  further  deve- 
lopement  by  external  agency.  The  same  would  be  the  case 
with  the  free  pollen-grains.  It  comes  to  pass,  however,  that 
the  free  pollen-grains  and  the  cells  of  the  embiyo-sac  come 
together,  and,  whilst  the  former  perish  by  the  contact,  there 
arises  in  the  latter  a capacity  for  further  developement ; the 
residt  of  which  is,  that  the  whole  o’suile,  now  called  the  seed, 
becomes  detached  from  the  mother-plant,  and  the  young  plant, 
already  formed,  is  placed  in  a condition  to  carry  out,  unaided, 
its  OAvn  developement.  This  young  plant  natui’ally  follows  in 
every  resjiect  the  type  of  the  mother-plant.  The  reproductive 
cells  of  the  o\uile  are  undoubtedly  enclosed  within  it,  the  ovule 
itself  being  generally  situated  in  the  hollow  of  the  united  car- 
pels, that  is,  hidden  in  the  ovary ; but  this  does  not  prevent 
the  free  pollen-grains  from  coming  into  immediate  contact  with 
the  reproductive  cells  of  the  ovule.  This  takes  place  in  the 
follo\ving  manner  : the  position  of  the  ovary  is  such,  that 
amongst  the  many  thousand  pollen-grains  which  become  free 
after  the  dehiscence  of  the  anthei’,  some  must  necessarily  come 
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in  contact  with  it,  and  especially  with  its  apex.  This  a})ex, 
called  the  style,  which  originates  in  the  growing  together  of 
the  apices  of  the  cai'pels,  and  which,  according  to  the  form  of 
the  lattei’,  is  shoider  or  more  elongated,  spreads  ont  somewhat 
more  widely  at  the  point  called  the  stigma.  Those  pollen- 
grains  which  fall  npon  the  stigma  are  acted  uj)on  hy  a moist 
secretion,  continually  exuding  from  the  stigma,  which  super- 
induces a further  (leveloi)inent,  a fuither  growth,  or,  as  one  may 
say,  a germination,  the  result  of  which  is,  that  a cellular  iitricle 
is  (levelo])cd  behind  the  external  covering  of  the  ])ollen-grain, 
which  utricle,  although  single,  is  in  a condition  to  branch  out, 
by  protruding  itself  through  the  external  covering.  The  ger- 
minating pollen-grain,  lioweA'er,  notwithstanding  the  moisture 
of  the  stigma,  would  soon  perish,  if  it  weie  not  in  a condition, 
by  means  of  its  projecting  end,  to  make  a passage  for  itself 
between  the  loose  cells  of  the  stigma,  and  between  the  slightly- 
connected  tissue  of  the  style.  After  .some  time  one  or  more  of 
the  })ollen-grains  always  succeeds  in  effecting  a pas.sage  doAvn- 
Avards  into  the  ovary.  There  are  noAv  but  feAV  more  difficulties 
to  be  OA^ei’come.  The  apex  of  the  groAving  ]X)llen-tube  easily 
reaches  the  ovule,  and  finds  there,  through  the  openings  in  the 
coats  of  the  oAuile,  an  uninterrupted  passage  to  the  nucleus. 
Finally,  however,  the  cells  of  the  nucleus  must  be  broken 
through.  This  is  easily  done,  ina.smuch  as  these  cells  are  still 
very  tender  and  yielding,  and,  at  the  same  time,  the  embryo- 
sac,  through  its  OAvn  extension  and  the  disphxcement  of  tlm 
cells  above,  is,  to  a certain  extent,  brought  in  ap}X)sition  to  the 
pollen-tube.  The  germ-cells  in  the  interior  of  the  embrA"o-sac 
itself  are  found  at  this  period  near  the  surface  ; they  even 
touch  the  inner  side  of  its  Avail.  It  is,  therefore,  an  eas}^  matter 
for  the  pollen-tube,  haAung  ])enetratcd  thus  far,  to  oome  into 
immediate  contact  A\dth  the  germ-cells,  from  Avhich  it  is  only 
separated  by  the  membrane  of  the  embryo-sac  ■,  the  pollen-tube 
(iveu  s])reads  itself  OA'er  the  surface  of  the  embryo-.sac,  in  order, 
if  possible,  forcibly  to  bring  about  this  contact.  The  result  is, 
that  Avhilst  the  pollen-tube  Avithers  by  degrees,  the  process  of 
decay  being  from  the  exterior  imvards,  a further  cell-formation 
commences  in  one  of  the  germ-cells,  probably  in  that  one  AA'hich 
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lies  next  to  the  pollen-tube,  which  cell-formation  terminates  in 
the  production  of  the  rudiments  of  a new  plant.  It  appears 
not  improbable  that  in  many  cases  the  embryo-sac  becomes 
completely  absorbed  at  the  point  of  contact  of  the  pollen-tube, 
so  as  to  enable  the  pollen-tube  and  germ-cells  to  come  into  im- 
mediate contact  with  one  another  ; but  this  is  not  yet  suffi- 
ciently proved  by  experience.” 

The  annexed  figure  is  given  by  Unger  in  illustration  of  the 
above  views.  It  represents  a magnified  longitudinal  section  of 


the  flower  of  Fagopyi’um  emarginatuni.  (^;.)  is  the  perianth ; 
(st.)  the  stamens,  the  anthers  having  already  burst.  Some  of 


196 


APPENDJX. 


the  pollen-grains  are  shown  in  contact  with  the  stigma.  They 
have  already  become  elongated,  and  have  penetrated  through 
the  canal  of  the  st}de  down  to  the  embryo-sac.  By  magnifying 
the  upper  part  of  the  ovule  more  highly,  as  in  the  lower  figure, 
the  whole  course  of  the  pollen-tube  {t.}).)  may  be  traced  succes- 
sively through  the  micropyle,  the  integumeutum  externum  (t.e.), 
the  integumentum  intenium  {i.i.),  and  the  nucleus  (?i.c.),  dowm 
to  the  embryo-sac  {s.e.),  where  it  conies  into  immediate  contact 
with  the  germ-cells  {e.m.) 
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